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Metal & Thermit’s new sound and color film, “Mass 
Production of Massive Parts”, is an educational por- 
trayal of the Thermit Welding Process. 


Both interesting and helpful, this film shows the de- 
tails and advantages of the process for fabrication of 
heavy parts of steel mill equipment, railroad rolling 
stock, ships and similar work. 


Ask your nearest M & T representative how you can 
arrange for a free showing. Running time 24 minutes. 
Metal & Thermit Corporation, 120 Broadway, New 
York 5, N. Y., Albany, Chicago, Pittsburgh, So. San 


Francisco, Toronto. 
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irect comparison to other welders on the market. 
When you get a HOBART you get the most for your 
welding dollar. Because of its outstanding performance 
you can expand your earnings and save valuable 

time in production or maintenance. 


The exclusive Multi-Range Control built into every i 
HOBART Welder gives you 1000 voltage-amperage ae. 
combinations for the exact welding heat on every job. ee 
Its close, accurate control produces finer welds and - 
higher quality work under all conditions. = ss 


HOBART'S Remote Control enables the weldor to make 
current and voltage adjustments at the work, 
eliminating time-consuming trips back to the machine 
for resetting. Encourages better work and speeds 
production due to its unusual ease of operation. 
These are only a few of the remarkable advantages 
you enjoy when you are welding with a HOBART. 
Their compact, sturdy construction assures sustained 
performance and long life. Ask for your copy of 

the HOBART Arc Welder Catalog TODAY, and see 

for yourself how you can boost your welding profits 
toa new “high.” HOBART BROTHERS COMPANY 
Box WJ-77, Troy, Ohio. “One of the World's Largest 
Builders of Arc Welders.” 


Hobart Electrodes are factory tested for uniformity, have 
excellent penetration qualities with minimum spatter. 
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YES, I'm interested in details and information on HOBART Arc Welders. 
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FOREWORD 


ARLY in the war, welded merchant 
vessels experienced difficulties in the 
q form of fractures which could not be ex- 
plained. The fractures, in many cases, 
manifested themselves with explosive sud- 
denness and exhibited a quality of brittle- 
ness which was not ordinarily associated 
with the behavior of a normally ductile 
material such as ship steel. It was evi- 
dent that the implications of these failures 
on welded ships might be far reaching and 
a a signal effect upon the war effort. 
; PS were taken immediately by Govern- 
Pie and private maritime agencies, in- 
“vidually, to cope with this problem. 
in April 1943, the Secretary of the 
to his responsibility 
t Coast Guard for certificating 
bea m accordance with the Marine 
eshahtiehed Laws of the United States, 
lassie ted a Board of Investigation to 
ito the Design and Methods of 


Construction of Welded Steel Merchant 
Vessels. This Board was composed of the 
Engineer-in-Chief, United States Coast 
Guard; the Chief of the Bureau of Ships, 
United States Navy; the Vice-Chairman 
of the United States Maritime Commis- 
sion; and the Chief Surveyor of the 
American Bureau of Shipping. The Sec- 
retary’s directive to the Board read in 
part as follows: “. . . make a complete 
investigation of the matter hereby sub- 
mitted and upon the conclusion of its 
investigation will report the facts estab- 
lished thereby. If the facts establish the 
existence of defects in the designs of, or in 
the methods being followed in the con- 
struction of such merchant vessels which 
in the opinion of the board adversely affect 
the seaworthiness thereof, the board will 
also submit its recommendations as to the 
measures which should be taken to correct 
such defects.” 

The Board appointed a Sub-Board which 
was ultimately composed of representa- 


tives of the four member agencies and of 
the War Metallurgy Committee of the 
National Academy of Sciences. The Sub- 
Board was directed to formulate in detail, 
and supervise the execution of, all phases 
of the investigation as outlined by the 
Board. 

The Board immediately took steps to 
coordinate the efforts of the member agen- 
cies and embarked upon an extensive pro- 
gram of investigation. Technical and 
statistical analyses of all casualties were 
initiated; strength studies were under- 
taken of each type of vessel involved; 
loading and ballasting conditions were 
checked and analyzed; convoy routes with 
accompanying sea and weather conditions 
were examined; many specific investiga- 
tions and extensive laboratory research 
projects were initiated, aimed at studying 
design, fabrication and materials used in 
the construction of welded ships. In addi- 
tion, close liaison was maintained with 
private shipyards and with the British, 
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_ tional useful load. 


who were also conducting studies of phases 
of the same problem. 
In the course of the investigation a Re- 


‘search Advisory Committee and a Welding 


Advisory Committee were appointed by 
the Board to take cognizance of pertinent 
research and to survey shipyard welding 
practices, respectively. 

The investigation has been in progress 
for more than three years. During that 
time two interim reports have been made 
to the Secretary of the Navy, the first 
dated 3 June 1944, and the second dated 
1 May 1945. 

This is the third and final report of this 
Board. It is intended to cover all phases 
of the Board’s activity during the entire 
period of its existence. This report fol- 
lows the outline established in the interim 
reports. All salient results are discussed, 
findings listed and conclusions drawn. At 
the end of the report recommendations 
are made for future work which appears to 
be necessary or desirable in the solution of 
unfinished phases of the problem. 

Appended to the report are three ex- 
hibits: 

Exhibit I—Statistical Analysis of Struc- 
tural Failures on Welded Steel Mer- 
chant Vessels. 

Exhibit II—Summary of Research In- 
vestigations. 

Exhibit II1I—Survey of Shipyard Weld- 
ing Practices. 


References made to the exhibits and 
sources not appended to this report are 
annotated and a complete bibliography 
will be found appended. 


INTRODUCTION 


Welding is a relatively new process in 
the building of ships. From a meager be- 
ginning during World War I, when it was 
used only as an auxiliary method of fabri- 
cation and erection, welding has become a 
major process in the construction of steel 
ships, and has largely replaced riveting. 

The advantages of welding in ship con- 
struction are numerous. There is a direct 
saving of weight in the elimination of plate 
laps, flanged attachments and rivet heads, 
which may be utilized in carrying addi- 
In addition, the diffi- 
culties associated with riveting in making 
and keeping structures oil and water tight 
are obviated. Particularly pertinent to 
the establishment of new yards in con- 
nection with the accelerated program of 
shipbuilding prior to and during the war 
was the saving in time, manpower and tool 
manufacturing capacity effected through 
the use of welding in lieu of riveting. This 
saving was brought about by the shorter 
time needed in welded construction for 
training operators, and the availability 
and smaller amount of equipment re- 
quired, making it possible for a new weld- 
ing yard to be outfitted and in production 
in a fraction of the time which would have 
been required if the yard had been 


equipped for riveting. 

It is safe to say that without welding it 
would have been impossible to build, in 
such a short time, the enormous fleet of 
ships which played such a vital part in 
winning the war. 
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There are, however, certain disadvant- 
ages connected with welding which were 
not fully realized at the outset of the ex- 
pedited building program. Although the 
technique of depositing weld metal and the 
application of welding sequences to mini- 
mize shrinkage, distortion and cracking 
were fairly well understood, relatively little 
was known of other, deleterious, conditions 
accompanying the welding process on large 
ship structures. Consequently, when frac- 
tures in all welded steel merchant vessels 
first began to manifest themselves (as in 
the Schenectady,*®* and Esso Man- 
hattan**), conditions were found which did 
not conform to previous experience. 
There was a general feeling that the 
accelerated shipbuilding program and the 
concomitant quantity production of all- 
welded ships had resulted in a general dis- 
regard for proper construction practices 
and workmanship. It was particularly felt 
that insufficient care was being devoted to 
welding sequences, with the result that 
locked-in stresses were present in many 
ships to a higher degree than would be 
expected. " The presence of these high 
stresses was considered to be an important 
factor in the incidence of the observed 
fractures. 

However, it must be recognized that 
structural failures are not confirmed en- 
tirely to welded ships. A few cases of 
serious fractures in riveted ships are well 
known, such as the Leviathan** and the 
Majestic,®* both of which suffered fractures 
across the strength deck. The chronic 
occurrence of fractures in riveted ships 
would have appeared in a different light 
if the fractures had been generally more 
spectacular or if the results of research of 
the last three years had been known at the 
time of their occurrence. When a crack 
starts in a riveted structure, it generally 
progresses only to the first break in the 
continuity of the metal, e.g., a seam. 
There it awaits reloading to a stress which 
will give it a fresh start. In a welded 
structure, however, the crack will continue 
to propagate as long as sufficient energy is 
available. 

Particularly bewildering phenomena in 
the welded ship casualties were the ap- 
pearance and nature of the fracture itself. 
It was generally believed that medium ship 
steel incorporated in ship structure would 
deform elastically when loaded within the 
elastic limit, and that if it were loaded 
beyond that point plastic flow would take 
place and a permanent deformation would 
result, evidenced by a reduction in. thick- 
ness or area. If the load were increased 
sufficiently it was believed that the ma- 
terial would fail only after considerable 
elongation, as this is the behavior which 
would ordinarily be expected from a duc- 
tile material. 

In the observed ship fractures, however, 
the fractured surface appeared crystalline 
rather than silky as would be the case in a 
ductile failure. The break was square and 
the line of separation normal to the sur- 
face of plate, rather than at 45° as would 
be the case in a failure on the plane of 
maximum shear. Very little ductility 
was evidenced, as indicated by practically 
zero reduction in the thickness of the plate 
at the fractured edge. This type of frac- 


* Reference number listed in Bibliography. 
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ture is termed cleavage, denoting a sepa- 
ration of the surfaces of the crystal lattice 
rather than sliding action along slip planes. 

The factors which might cause a nor- 
mally ductile material to seem brittle were 
not understood. There was evidently a 
great need for fundamental study of the 
mechanism of fracture. As an index of the 
state of knowledge at the outset of the 
study, as well as to indicate the experi- 
mental difficulties which were encountered, 
it is considered noteworthy that brittle 
fractures in medium ship plate of */, in. 
thickness, comparable to those found in 
ships, were not reproduced in the labora- 
tory until early in 1944. 4) #7 

The findings of the research program 
served to correlate the circumstances ob- 
served to accompany the fractures which 
occurred in ships. As soon as the factors 
contributing to failure were recognized, 
corrective measures were taken wherever 
possible.* Modifications of square cargo 
hatch corners were designed and _ incor- 
porated into vessels, both under construc 
tion and already completed. Cut-outs in 
the sheer strake were closed and sharp 
structural discontinuities and changes ir 
section were eased wherever possible. As 
a means of preventing the propagation of 
cracks which might originate in spite of 
other precautions, ‘‘crack arrestors’’ were 
installed in personnel-carrying vessels and 
in a great many others. In addition, ves- 
sels assigned to operate in low-temperature 
areas were selected from those in which 
modifications had been incorporated. Th: 
beneficial effects of these remedial meas 
ures are demonstrated by the reduction in 
the number of casualties from about 140 
per month in March 1944 to less than 20) 
per month during January 1946.1 


A. Historical Study of Hull Fractures 


The collection and correlation of infor 
mation relative to fractures has been a 
task of considerable magnitude, involving 
the detailed description of each case ol 
fracture by. an observer on the scene, 4 
classification of each case, tabulation of 
data and finally detailed analyses which 
attempt to derive some measure of corr 
lation between the types of fractures and 
their frequency, and factors which have 
appeared to contribute to their occurrence 
The tabulation{ presented below indicates 
the scope of the fracture problem with 
respect to major merchant vessels col- 


Total number of ships 

Total number of these ships report 
ing no casualties ole 

Total number of these ships which 
sustained casualties 

Total number of casualties 

Total number of fractures 

Total cases of serious casualtics - 
(Class 1) 

Total ships sustaining a complete 
fracture of strength deck - 

Total ships sustaining a comple! 
fracture of the bottom 


* Exhibit I, Part IV. 
+ Exhibit I, Fig. 11. 
t Data taken from Exhibit I. 
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<tructed under the Maritime Commission 
program and remaining in merchant serv- 
ice. 

Eight vessels have been lost, as follows: 


volved were considered sufficiently signifi- 
cant to justify making similar experiments 
on welded ships. These factors included: 
the possibility of a difference in the over-all 


Name Date of Casualty 
Thomas Hooker 5 Mar. 1943 
J.L. M. Curry 7 Mar. 1943 
John P.. Gaines 24 Nov. 1943 


Joseph Smith 9 Jan. 1944 
Samuel Dexter 21 Jan. 1944 
Joel R. Poinsett 4 Mar. 1944 
Sackett’s Harbor 1 Mar. 1946 


Fort Sumter* 10 May 1946 


Remarks 
Abandoned 
Abandoned 
Broke in two; abandoned 
Abandoned 
Abandoned 


Broke in two; stern portion salvaged 
Broke in two; stern portion salvaged 
Broke in two; both portions scuttled 


* This vessel fractured after the terminal date for statistical accounting used in Exhibit I. 


Four other ships broke in two but were 
not lost. 


Name Date of Casualty 
Schenectady 15 Jan. 1943 
Esso Manhattan 29 Mar. 1943 
Valeri Chkalov 11 Dec. 1943 


Donbass III 17 Feb. 1946 


In connection with these casualties, 26 
lives have been lost; 11 men from the 
John P. Gaines, missing after successfully 
embarking in a lifeboat, and 15 from the 
American-built Russian-operated vessel, 
Donbass III. 

The results of the efforts to control and 
eliminate the occurrence of hull fractures 
are graphically shown in Fig. 11 of Ex- 
hibit I, which depicts the number of casual- 
ties for each month from February 1942 
through January 1946, as well as the num- 
ber of ships in operation during the same 
period. It will be seen that after reaching 
a maximum in March 1944, the number of 
fractures per month decreased sharply and 
has shown a decreasing trend ever since. 
The beneficial effects have been due to 
remedial measures in the form of improve- 
ments in workmanship, design and opera- 
tion, such as the installation of crack 
arrestors, modifications of cargo hatch 
corners, elimination of square sheer-strake 
cut-outs for accommodation ladders, gen- 
eral elimination or modification of struc- 
tural discontinuities, careful attention to 
loading and ballasting, and judicious selec- 
tion of ship types for rigorous duty, 
especially on cold weather routes. 

Photographs and data sheets pertaining 
to the 12 most serious casualties, which 
are listed above, are included in Exhibit I 


B. Design 
1. General 


_ One of the first steps taken in the inves- 
gation was to recalculate the longitudinal 
Strength of all types of vessels involved in 
Structural failures. These calculations 
showed that the scantlings were ample and 
that there was a margin of strength in 


€very case over that required by existing 
Standards 


Static structural tests made on riveted 


ships prior to the advent of welding in 
shipbuilding had confirmed the general 
validity of the basic analytical methods 
used in alculating the stresses in the main 
hull girder. However, several factors in- 
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behavior between riveted and welded con- 
struction as affected particularly by the 
differences in rigidity and geometry of 
riveted and welded joints; the fact that 
photoelastic studies showed appreciable 
stress concentration at hatch corners 
where so many cracks occurred on Liberty 
ships; the development of new strain gages 
which permitted the measurement of 
highly localized strains and the determi- 
nation of unusual stress distributions that 
might not have been discovered in previ- 
ous experiments. 

The desirability of subjecting welded 
ships to the static structural test received 
further impetus from the large number of 
hull structural failures recorded, particu- 
larly during the winters of 1942-43 and 
1943-44. Those failures were not limited 
to any one type of vessel, but occurred in 
ore carriers and tankers, as well as dry 
cargo vessels, particularly Liberty ships. 

Outstanding examples of the earlier 
static structural tests carried out on 
riveted ships were those on the Wolf,' 
Cuyama,* Preston and Bruce.* These 
ships were all of the destroyer type with 
the exception of the Cuyama, which was a 
Navy tanker. None of these vessels had 
a structure comparable to that of the 
usual merchant cargo vessel, and all ex- 
cept the Cuyama were of relatively light 
scantlings with thin plating. No similar 
data appeared to be available for vessels 
of the merchant type. 

In the investigation to determine the 
structural behavior of welded ships, at 
least a dozen vessels of several types were 
subjected to the static structural test. As 
a result of these studies‘~*® the theoretical 
principles by which hull girder strength is 
computed have been found to be equally 
applicable to welded and riveted construc- 
tion. 


2. Detail 


For operational reasons, it is necessary 
to introduce into the ship’s hull, numerous 
openings, erections, foundations, etc. At 
every point where such a structural dis- 
continuity is introduced, uniform strain- 
ing of the material under a bending load is 
interrupted and concentrations result. 

Until the short base length (less than 1 
in.) strain gage became available, experi- 
mental measurements of strain concen- 
trations in ships were not possible. The 
need for accurate determinations of con- 
centrations was not as great in the riveted 
ship as in the welded ship. The mono- 
lithic character of the welded ship result- 
ing from the method of fabrication can 
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produce joints, particularly at structural 
discontinuities, that have high stress con- 
centrations and severe restraint, thereby 
tending to inhibit plastic flow. This 
condition did not exist generally in the 
riveted ship. The danger of high con- 
centration at points of structural discon- 
tinuities in the welded ship is further ag- 
gravated by welding usually present at 
such points. Welding produces a com- 
plex metallurgical condition which is fre- 
quently aggravated by discontinuities in 
the form of defects in the weld. 

That stress concentrations of dangerous 
magnitudes actually exist at structural 
discontinuities in welded ships has been 
amply demonstrated by the numerous 
fractures which started at such points, 
e.g., hatch corners, sheer strake cut-outs, 
defective welds, etc. In the Liberty ships, 
25% of all fractures reported originated at 
hatch corners.* Eighteen per cent of all 
fractures were found to occur in the vi- 
cinity of No. 3 cargo hatch.* In addition, 
an analysis of serious fractures showed that 
24% started in the sheer strake cut-out 
for the accommodation ladder and 52°% 
started at hatch corners. * 

Investigations conducted on welded 
ships revealed that stress concentration 
factors at the inside radius of the rounded 
hatch corners of a Liberty ship at deck 
level were of the order of 2.0. (A stress 
concentration of 3.4 was found in a similar 
corner at sea under dynamic conditions.) ** 

Accordingly, one of the first remedial 
steps which was taken in an effort to 
eliminate fractures was the modification 
of cargo hatch corners in the Liberty ships. 
Ultimately 2047 vessels out of a total of 
22121 were fitted with one of several types 
of hatch corner reinforcements. Table 
8 of Exhibit I shows that a substantial 
decrease in the incidence of fractures fol- 
lowed. 

In an immediate attempt to stop frac- 
tures which might otherwise cause possible 
loss of the vessel a number of ‘‘crack 
arrestors”’ were installed in various types of 
vessels. These, in general, consisted of two 
types, one in which the deck just outboard 
of the cargo hatch was slotted and a 
riveted seam strap fitted over the slot, and 
a second in which either a similar slot and 
strap were placed in the sheer strake just 
below the deck line or, in lieu thereof, the 
deck and sheer strake were connected by 
a riveted gunwale angle. Altogether, 
crack arrestors of one or both types were 
installed in more than 1400 vessels of all 
types. The gunwale crack arrestors func- 
tioned effectively and stopped cracks 
which had started in 26 cases in vessels on 
which they were fitted. No crack has been 
known to pass an arrestor. 

The investigation pertaining to struc- 
tural details has strongly emphasized that 
too much attention cannot be paid to the 
elimination of discontinuities (notches), 
whether they be small or large, and that 
the effect of discontinuities is aggravated 
by welding. 


3. Full-Scale Skip Tests 


A great many tests on complete ships 
have been conducted in the course of this 


* Exhibit I-——Figs. 17, 18 and 19 
+ Exhibit I—Table 7 
t Exhibit I—Figs. 31, 32 and 33 


** Exhibit II—(1 cii) 
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investigation. Various types of vessels 
involved in structural failures have been 
included in the testing program. Among 
them are: 


Four L-6 Great Lakes ore carriers* 


Six T-2 tankers®: 9 25. % 

Three C-14 troop carriers* 

Twenty-one Victory ships?*>: 

One C-2 refrigerated cargo ship” 


Among these investigations were: full- 
scale hull bending studies in still water ;*:* 
6, 8, 9, 2. 2 an exploration of stress con- 
centrations at structural discontinuities ;: 
%, ® an investigation of the strains experi- 
enced by the hull girder of a Liberty ship 
when loaded in torsion;® tests to deter- 
mine locked-in stresses including those 
caused by temperature variations during 
assembly ;?5~*! tests to determine thermal 
stresses in service;” tests to determine 
locked-in stresses caused by a controlled 
temperature differential in the insertion of 
a large closing deck section ;” and the low- 
temperature relief of residual welding 
stresses.” 


C. Materials 
1. Structural Steel 


The incidence of serious failures of large 
welded steel structures both in construc- 
tion and during service indicated the need 
for a better understanding of the funda- 
mental factors affecting steel performance. 
Lack of reliable information in this field 
has led designers to overdesign in the in- 
terest of safety, a procedure which may in 
some cases enhance the possibility of 
failure. 

At the present time the mechanism of 
metal fracture is not well understood.*: 5% 
Since some plastic deformation, even 
though highly localized, usually precedes 
fractures even in the case of cleavage or 
so-called ‘“‘brittle’’ fractures of structures, 
an understanding of the phenomenon of 
flow is essential in considering the fracture 
problem. Perhaps the best theory yet 
formulated involves the concepts of resist- 
ance to flow and resistance to fracture ;*4 
the theory postulates that if the stress re- 
quired for fracture is greater than that re- 
quired for flow, plastic deformation will 
occur; conversely, if the stress required for 
flow is greater than that required for frac- 
ture, rupture will take place. Flow may 
terminate in either shear or cleavage sepa- 
ration. The former is characterized by 
high ductility, a fibrous or silky appearing 
fracture generally at 45° to the direction of 
applied load, and high energy absorption. 
The latter shows relatively low ductility, a 
granular or crystalline appearing fracture 
generally normal to the direction of applied 
load, and in most cases, lower energy ab- 
sorption. Cleavage fracture often occurs 
after appreciable flow. The term cleavage 
fracture refers to a mode of separation and 
is not intended to apply only to com- 
pletely brittle fracture without measurable 
deformation, although this case is in- 
cluded. 

Resistance to flow and resistance to frac- 
ture are extremely complex quantities in- 
fluenced by a number of factors, the inter- 
relationship of which is at present un- 
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known. These factors* are: State of 
Stress (Constraint); Temperature; Veloc- 
ity (Strain Rate); Metallurgy. 

During the course of the investigation 
many research projects were initiated to 
investigate the behavior of ship steel.™-® 
In addition, extensive material surveys by 
sampling methods were made, designed to 
determine the adequacy of steel used in 
welded ship construction as judged by 
present physical requirements.”~ 
These studies indicated that steel as fur- 
nished to shipyards complies in every re- 
spect with physical requirements as they 
exist at the present time. In spite of this, 
impact tests of steel samples taken from 
vessels which suffered fractures indicated 
that in many cases the steel was notch 
sensitive, i.e., that its ability to absorb 
energy in the notched condition, and espe- 
cially at low temperature, was low. In 
addition, it was found that some samples 
of the steel furnished to shipyards under 
existing physical requirements were also 
notch sensitive. 

The research investigations explored the 
behavior of ship steel in the welded and 
unwelded condition under the influence of 
multiaxial stress in the presence of dis- 
continuities, such as notches, especially at 
low temperatures. These studies indi- 
cAted that notch sensitivity is an impor- 
tant factor in the occurrence of “‘brittle’’ 
failures; i.e., failures which exhibit a low 
degree of ductility. 

In further studies to investigate the fac- 
tors contributing to the cleavage failure of 
ship steel, tests were made on unwelded 
flat plates in widths varying from 12 to 
72 in. and on large welded structural speci- 
mens.*7~5! These tests indicated that, in 
the presence of notches which are com- 
parable to those found on board ship, ordi- 
nary ship steel may fail at nominal stresses 
which are considered extremely low by 
accepted engineering standards. It 
should be noted that nominal failure 
stresses decrease from about 45,000 psi. in 
the 12-in. plates to stresses approximating 
the yield point in 72-in. plates, and in the 
welded structural hatch corner tests fail- 
ures occurred at nominal stresses as low as 
23,000 psi. In connection with the latter 
tests it was found that two specimens 
welded with a 400° F. preheat treatment 
showed a significant increase in ultimate 
strength (about one-third) over com- 
parable specimens not preheated. How- 
ever, the 400° F. preheat had no effect 
upon the magnitude or distribution of 
residual welding stresses. 

Studies of the speed with which fractures 
of the cleavage type propagate have dis- 
closed that it is extremely high (about 
5000 ft. per second®). This finding sub- 
stantiates reports which have been re- 
ceived from the masters of vessels which 
have broken in two in regard to the 
suddenness with which such casualties 
have occurred. 

There is a real necessity for the estab- 
lishment of new specifications to include a 
practical test for the evaluation of the 
notch sensitivity of commercial steels. 


2. Welding Electrodes 


There is no indication that inferior 
quality or misapplication of welding elec 


* Exhibit II—sec. 3a. 
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trodes was responsible for welded ship frac- 
tures. This does not mean, however, that 
an improvement in electrodes and covering 
materials might not be beneficial. In fact, 
considerable variation within the appli- 
cable specification has been found in the 
cracking tendency of welds made with 
commercial E-6010 electrodes, deposited 
under high restraint.” 

Specifications for welding electrodes are 
in the process of revision at the present 
time. Pilot tests*!: “. . 54 have indicated 
that when an estimate or measurement of 
service performance is desired, it is futile 
to make tests of weld metal, except in con- 
junction with the parent metal in a welded 
joint. 


D. Construction 


Construction methods and workmanship 
were believed to be responsible to a large 
degree for the difficulties being experi 
enced by welded ships. It is interesting to 
note, in this connection, that the Welding 
Advisory Committee which made a sur 
veyt of representative shipyards, both 
Government and private, on the Atlantic, 
Gulf and Pacific Coasts, found varying 
degrees of quality in workmanship and in 
methods of construction, but the analysis 
of structural failures failed to indicate a 
marked correlation between the incidence 
of fractures in welded ships and the ship 
yards’ construction practices. However, 
with due allowance for difference in design, 
the ships constructed in yards utilizing 
subaverage shipyard construction prac 
tices showed a higher-than-average inci- 
dence of fracture.t 

The findings of the Welding Advisory 
Committee show the need for improve 
ment in almost every phase of welded ship- 
building, and in particular, the need for 
standardization in operator training and 
upgrading. The identification of welding 
operators by degrees of skill and by indi 
viduals was found to be unsatisfactory 
In most cases there was no means oi trac 
ing defective work to the operator who was 
responsible. Close inspection, including 
subsurface inspection of welds, was made 
in only about one-third of the yards. [' 
was found that the piece work system 
which was in use by a great many yards 
did not serve as an incentive for good work 
The supervisory organization varied bé 
tween yards. The number of workme! 
and junior supervisors under each senior 
supervisor varied widely from yard 
yard. The preparation of welding * 
quences and design of joint details was, !" 
general, found to be satisfactory, but "! 
many yards the sequences and edge preps 
rations were not carried out satisfactorily 
In most instances the welding engineer had 
been relegated to an advisory status. Th 
result of these circumstances was inleriot 
workmanship. High quality workma" 
ship is still an important need in the build 
ing of welded ships. ame 

An educational program was establishes 
by the member agencies of the Board 
Instruction pamphlets were circul ited by 
the American Bureau of Shipping.” "' the 
Maritime Commission,® the Navy De 


partments”: and the Coast Guard®™ [or 
+ Exhibit III. 
t Exhibit I—Table 5. 
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the use of their surveyors and inspectors. 
The Maritime Commission, Navy Depart- 
ment and other Government agencies insti- 
gated shipyard training programs to pro- 
mote better constructton practices. This 
concerted effort markedly improved ship- 
yard workmanship. The member agen- 
cies are jointly preparing comprehensive 
booklets incorporating the findings of this 
Board. They deal with the various phases 
of construction, workmanship and ship- 
yard organization. The first of these 
booklets, entitled ‘Shipyard Welding 
Workmanship,’ already has been com- 
pleted and distributed. The second, en- 
titled “Shipyard Management for Weld- 
ing,’ is being printed. In addition, it is 
anticipated that two booklets will be pre- 
pared, dealing with welding supervision 
and inspection, and the design of ship de- 
tails for welding. 

The feeling that workmanship had 
suffered due to the pressure of wartime 
production programs was substantiated in 
the findings of the Welding Advisory Com- 
mittee. The importance of maintaining 
adequate standards of workmanship has 
been clearly established by the analysis of 
structural failures in the past 3 yr. Poor 
workmanship engenders fracture, since a 
fracture may originate at a small notch, 
such as is occasioned by peened-over 
cracks, by undercut welds, by porosity and 
inclusions in the weld, or by ‘‘saddle’’ 
welds resulting from incomplete penetra- 
tion, which leave voids at the center of the 
joint. 

The early importance attached to re- 
sidual welding stresses and locked-in 
stresses directed the first research efforts 
to an investigation of those factors. 
’ While there had been much discussion of 
these stresses, little was known of their 
magnitude, distribution, or their effect on 
the performance of welded structures. 
The existence of residual and of locked-in 
stresses was usually associated with the 
procedures and sequences followed in the 
course of welding a structure. Inasmuch 
s the two terms have aroused much com- 
ment in the past few years it is considered 
idvisable here to define them in order to 
larify the sense in which they have been 
considered by the Board. 


Residual Welding Stresses: Re- 
sidual welding stresses are those 
resulting from the welding of un- 
restrained members. 

Locked-in Stresses: Locked-in 
stresses include residual welding 
stresses, and stresses resulting 
from other fabrication and as- 
sembly processes. 


The results of the several research in- 
Yestigations bearing on residual and on 
locked-in stresses have been conclu- 
23-81 Jt has been determined 
that residual stresses in the welds approxi- 
mate the yield point of the weld metal in a 
“rection parallel to the weld and are less 
than 25°) of this value in a transverse di- 
rection."*~22. In way of the weld metal 
these stresses are both tensile. The mag- 
nitude of these stresses it was found, was 
generally unaffected by variation in the 


weld; 

clding procedure or assembly _ se- 
quence 15 

The f 


failure of welding sequences to show 
any 
Y influence on the magnitude of residual 


stresses should not be misconstrued to 
mean that the sequence is unimportant. 
Experience demonstrates the importance 
of the effect of welding sequence in the con- 
trol of shrinkage, distortion and cracking 
during construction. 

A number of means have been found for 


reducing residual welding _ stresses. 
Among these are mechanical stretching of 
the weld,'® thermal stretching as in low- 
temperature stress relief,'*» “ peening of 
the last pass of the weld'*: ™ and heat 
treatment.'*, 

It was also determined that locked-in 
stresses are not reduced appreciably in 
service.2™: 23b, 23c, 24 

Locked-in stresses in plate areas away 
from welds have been found to be of low 
magnitude and generally compressive. 

Although a large amount of work has 
been accomplished in the investigation of 
residual and of locked-in stresses, resulting 
in a considerable extension of knowledge in 
this respect, no evidence has been found 
to indicate that these stresses are impor- 
tant in causing the fractures in welded 
ships. 


E. Operating Conditions 
1. Loading and Ballasting* 


Early in the investigation it was sus- 
pected that the loading and ballasting 
methods employed in both cargo ships and 
tankers during the war emergency might 
have resulted in excessive bending mo- 
ments, which when aggravated by heavy 
weather conditions, might be important 
factors in causing structural failures. 

The relaxation of load line regulations, 
permitting the deeper loading of vessels in 
wartime, and the fact that most vessels 
made the return trip in ballast, gave addi- 
tional weight to this suspicion. Accord- 
ingly, all methods of loading employed and 
all types of ballasting systems in use were 
carefully checked in each type of vessel in- 
volved and the corresponding bending 
moments were computed. The net result 
of this study was the finding that the load- 
ing and ballasting conditions did not create 
abnormal bending moments. This con- 
clusion is presented graphically in Fig. 16 
of Exhibit I. 

In the case of Liberty ships, little change 
could be made in the loading plan, but 
some latitude was possible in arranging the 
ballasting system. Accordingly, the 
Maritime Commission ‘‘London Glasgow”’ 
ballasting system was eliminated in favor 
of the Maritime Commission 1500-ton 
ballasting schedule, which is now in use. 
This resulted in a reduction of bending mo- 
ment stresses of about 4000 psi. 

A much wider range of loading was 
found possible in the case of tankers, 
where, with an abnormal loading system, a 
still-water bending moment stress of 
14,540 psi. was found possible, although 
stresses resulting from uniform loading in 
tankers were less than those found in Lib- 
erty ships. 


2. Weather, Course, Speed and Sea Routes 


The wartime operation of cargo ships in 
convoys and over sea routes which are 
only infrequently used in normal times im- 
posed unusual hardships on the vessels. 


* Exhibit I—part IIC. 
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Especially during the early part of the 
war, convoys were being routed through 
extremely cold waters where heavy seas 
prevail during the winter months. The 
risks involved were accepted as far as 
heavy seas were concerned, but at the start 
the adverse effects of low temperature were 
not fully appreciated. When these facts 
were recognized, vessels modified to, in- 
crease their resistance to fracture were as- 
signed to the most rigorous trade routes. 


F. Specific Investigations 


Many research investigatjons were 
undertaken in Government and university 
laboratories. 

Most of the research studies which were 
conducted in connection with the investi- 
gation were carried out under the super- 
vision of the Welding Division of the War 
Metallurgy Committee. This organiza- 
tion operated under a contract with the 
Office of Scientific Research and Develop- 
ment and was part of the National Acad- 
emy of Sciences. In utilizing the facili- 
ties of this organization the Board was able 
to bring to bear on its problems some of the 
best scientific minds in the country. 
Many of the research investigations were 
carried out in the finest engineering labo- 
ratories available in the United States. 
Through the supervision of the War Metal- 
lurgy Committee, a complete coordination 
of effort in research was achieved and re- 
sults were obtained in a minimum of time. 
One of the outstanding contributions of the 
War Metallurgy Committee of the Na- 
tional Academy of Sciences was the stimu- 
lation of interest among steel manufac 
turers, ship builders and other industrial 
organizations concerned with the fabri- 
cation of welded structures, and the ob- 
taining of the active participation of these 
industries in the solution of the problems 
which confronted the Board. Without 
the assistance of the National Academy of 
Sciences the questions which were raised 
pertaining to metallurgy, physics and the 
mechanism of metal fracture would not be 
as near to a solution as they are today. 

At the present time much unfinished re 
search work pertaining to the subject of 
this investigation remains to be done. It 
is hoped that it will be possible to continue 
the efforts of the research investigators, 
and add further to the knowledge and ex- 
perience they have gained in the past three 
years. The fine spirit of cooperation and 
coordination which has been engendered 
in that same period is the best assurance 
that a solution of the unfinished phases of 
the problem can be found. 

For specific research investigations 
which came under the cognizance of the 

Board, refer to the Bibliography appended. 


G. International Exchange of Information 


Close liaison has been maintained 
throughout the investigation with the 
British, and with other Allied nations, who 
are concerned with the operation of welded 
merchant vessels. There has been a free 
and complete exchange of information be- 
tween the Board and the British agencies 
involved, notably the Admiralty Ship 
Welding Committee. Inasmuch as the 
British are operating all-welded merchant 
vessels, some of which were constructed in 
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the United States, they have shown great 
interest in the problem of determining the 
causes of structural failures in welded 
‘ships. Consequently, numerous investi- 
gations, both experimental and analytical, 
have been initiated and conducted in Great 
Britain,'': 7* many of them paralleling in- 
vestigations conducted in this country. 
It is interesting to note that the endeavors 
of these two separate groups have been 
directed along the same lines in approach- 
ing the solution of the problem, and it is 
gratifying that the results obtained on 
both sides of the Atlantic have agreed in 
almost every. respect. 

The British are at present engaged in a 
long-range, full-scale study of the loads 
imposed upon vessels at sea, together with 
the strains experienced in service. The 
need for such a study was also recognized 
in this country and the findings of the 
Board’s investigation have served to ac- 
centuate this need. 

A number of American observers, in- 
cluding representatives of the member 
agencies of this Board, have been afforded 
access to these studies and have, in several 
cases, made voyages in the experimental 
vessels. 

It is hoped that the United States may 
also find it possible to initiate long-range 
instrumental studies of loads and strains 
experienced in ships at sea. 


H. Findings 


The Board finds that: 

(a) 4694 welded steel merchant vessels 
were built by the Maritime Commission in 
the United States and considered in this 
investigation. 

(b) 970 of these vessels suffered casual- 
ties involving fractures. 

(c) 24 vessels sustained a complete 
fracture of the strength deck. 

(d) 1 vessel sustained a complete frac- 
ture of the bottom. 

(e) 8 vessels were lost; of these, 4 
broke in two and 4 were abandoned after 
fracture occurred; 4 additional vessels 
broke in two, but were not lost. 

(f) 26 lives were lost incident to struc- 
tural failures of welded steel merchant 
vessels. 

(g) The highest incidence of fracture 
occurs under the combination of low tem- 
peratures and heavy seas. 

(h) The age of the vessel has no appre- 
ciable influence on the tendency to frac- 
ture. 

(i) The loading and ballasting systems 
employed in vessels under study by the 
Board did not create abnormal bending 
moments. 

(j) Nomarked correlation between the 
incidence of fracture on the ships and the 
construction practices of parent shipyards 
could be found. However, with due 
allowance for design, the ships constructed 
in yards utilizing subaverage shipyard con- 
struction practices showed a higher-than- 
average incidence of fractures. 

(k) Only 33 casualties were reported in 
Victory ships. None of these was serious. 

(1) The steel currently supplied for ship 
construction complies with applicable 
specifications for ship steel. 

(m) Locked-in stresses in the decks of 
completed vessels are not appreciably re- 
duced in service. 
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(n) Welding sequence in general has 
no effect upon the magnitude of residual 
welding stresses in free subassemblies. 

(0) Every fracture examined started in 
a geometrical discontinuity or notch result- 
ing from unsuitable design or poor work- 
manship. 

(p) There is a large variation in the 
notch sensitivity of steel used in welded 
ship construction. Steel removed from 
fractured vessels showed high notch sensi- 
tivity. 


I. Conclusions 


The Board concludes that: 

(a) The fractures in welded ships were 
caused by notches and by steel which was 
notch sensitive at operating temperatures. 
When an adverse combination of these oc- 
curs the ship may be unable to resist the 
bending moments of normal service.* 

(b) The serious epidemic of fractures in 
the steel structure of welded merchant 
vessels has been curbed through the com- 
bined effect of the corrective measures 
taken on the structure of the ships during 
construction and after completion, im- 
provements in new design, and improved 
construction practices in the shipyards. 

(c) Locked-in stresses do not contrib- 
ute materially to the failure of welded 
ships. 

(d) Existing specifications are not suffi- 
ciently selective to exclude steel which is 
notch sensitive at ship operating tempera- 
tures. 

(e) A tendency for certain ships to 
incur repeated casualties can be measured 
but the trend is not great and the effect is 
not significant. 

(f) The basic analytical method used in 
calculating nominal stresses in the main 
hull girder under a known bending mo- 
ment is valid. 

(g) The over-all strength of the Mari- 
time Commission ships is satisfactory. 


J. Opinions 


(a) The results of the investigation 
have vindicated the all-welded ship. The 
statistics show that the percentage of ves- 
sels sustaining serious fractures is small. 
With proper detail design, high quality 
workmanship, and a steel which has low 
notch sensitivity at operating tempera- 
tures, a satisfactory all-welded ship struc- 
ture may be obtained. 

The mechanism of fracture is still not 
clearly understood, but the investigation 
has yielded much new information and has 
contributed to a partial solution of the 
problem of why welded ships have failed. 

Until experience can be had with vessels 
constructed under normal conditions, of 
improved design, with carefully checked, 
high quality workmanship, and employing 


* A notch may be defined as any discontinuity. 
As used in this report, a notch means a structural 
discontinuity, such as is occasioned by hatch 
openings, sheer strake cut-outs, foundations, vent 
openings, bilge keels, the abrupt termination of 
structural members, etc., and imperfections in the 
structure resulting from fabrication, such as 
peened-over cracks, undercut welds, porosity and 
inclusions in welds, and incomplete penetration 
which leaves voids at the center of the joint. 

Notch sensitivity may be defined as the property 
of a material which reflects its reluctance to ab- 
sorb energy in the presence of notches and other 
strain inhibitors, such as low temperature and 
high rates of strain. 


THE WELDING JOURNAL 


steel of low notch sensitivity, some form of 
crack arrestor, such as a riveted gunwale 
angle, should be incorporated in the hull! 
girder of all large welded vessels. 

(b) Notwithstanding the above 
opinion, the Board considers it imperative 
to reaffirm the statement that if welded 
construction in the building of both mer 
chant and naval vessels had not been 
adopted at the outset of the program, the 
extraordinary results in speed and volume 
of construction would have been impos- 
sible of accomplishment. 


K. Recommendations 


As the investigation is brought to a 
close, the existence of several unfinished 
studies which were initiated by the Board 
as well as a list of desirable items for future 
investigation, impels the Board to make 
certain recommendations. 

The Research program conducted in 
connection with the investigation has pro- 
duced at least pirtial answers to most of 
the more urgent questions and has given an 
adequate solution for the purposes of the 
present Board. It now appears that some 
of the specific investigations already laid 


‘out must be carried beyond the termina 


tion of the Board. It thus becomes neces- 
sary to assure the continuance and exten- 
sion of this work. These projects have 
opened up new fields of investigation; they 
point out paths along which real improve 
ment can be made in structural design, ma 
terial and fabrication methods. 

It is beyond the scope of this Board to 
follow these leads. However, it is impor- 
tant that we maintain our present position 
in maritime affairs and protect our stand 
ing in world-wide competition by con- 
tinuing fundamental research work on de- 
sign and methods of construction of steel 
ships. Accordingly, the recommendations 
of the Research Advisory Committee, as 
contained in part 5 of Exhibit II, for con- 
tinued and extended experiments, are 
endorsed. 

It is also recommended that the com- 
pilation of data on structural failures be 
continued and that these data be analyzed 
together with those already collected, us- 
ing valid statistical methods. In particu 
lar, it is recommended that service-time 
data be tabulated by temperature and 
state of the sea, vessel by vessel, from the 
logs of the individual ships. 

Finally, it is hereby recommended tha! 
an organization be established to formulat' 
and coordinate research in matters per 
taining to ship structure in the same ma! 
ner as has been the practice during th 
tenure of the Board. 


HARVEY F. JoHNSON (Chairman 


Rear Admiral, U.S.C.G., Eng! 
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veyor, American Bureau of Ship- 
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JAMES FORRESTAL 
Secretary of the Navy 


APPENDIX “A’’—COMPOSITION OF 
BOARD, SUB-BOARD AND 
COMMITTEES FUNCTIONING 
THEREUNDER 


BOARD 
(Established 20 Apr. 1943) 


Admiral Harvey F. 
U.S.C.G. (Chairman) 
Engineer-in-Chief, United States Coast 
Guard 
Vice Admiral E. L. CocHrane, U.S.N. 
Chief, Bureau of Ships, United States 
Navy Department 
Vice Admiral Howarp L. Vickery, U.S.N. 
Vice Chairman, United States Maritime 
Commission. (Zo 25 Jan. 1946) 
Captain T. L. ScHUMACHER, U.S.N. 
Technical Assistant to the Chairman, 
United States Maritime Commission 
(From 25 Jan. 1946) 
Mr. Davip ARNOTT 
Vice-President and Chief Surveyor, 
American Bureau of Shipping 
Captain R. B. Lanxk, Jr., U.S.C.G. 
(Secretary) 
Assistant Chief, Naval Engineering Di- 
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EXHIBIT I—STATISTICAL REPORT OF STRUCTURAL FAILURES ON WELDED STEEL MERCHANT VESSELS 


Part I—Structural Failure History 
Scope and Description of Report 


Tn Preparing this analysis, structural 
failure reports have been assimilated in 
accordance with a schedule designed to 
— the greatest possible accuracy in 
the trends indicated by the comparisons. 


€ analysis concerns itself with Ameri- 


A, 


1947 


(1 APRIL 1946) 


can-built ships only and in some cases 
where probability comparisons are drawn, 
only American-built and American-oper- 
ated ships are used. In all cases where a 
numerical analysis has been made, the 
failures enumerated have been the result 
of natural causes which might be antici- 
pated as certain to occur in the normal life 
of any ship. War casualties, collisions, 
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groundings and other abnormal casualties 
are not included in this analysis unless a 
particularly interesting structural failure 
resulted indirectly from the other damag- 
ing influence. On all such particular de- 
scriptions, a notation has been made to 
indicate that the failure was precipitated 
by unusual circumstances. 

Data used in the analysis include every- 
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thing pertaining to structural failures 
which has been submitted since the begin- 
ning of the Maritime Commission con- 
struction program. The totals are brought 
up to 1 April 1946, but it will be noted 
that the dates of individual parts of the re- 
port are independently specified. 

Every effort has been made to see that 
percentages and relations are drawn be- 
tween quantities that are comparable. In 
indicating the effects of various factors, an 
attempt has been made to keep other in- 
fluences constant where possible. Where 
additional factors are suspected as in- 
fluencing the results, such factors are men- 
tioned. It is easy to make misleading 
comparisons with these data. As an ex- 
ample, attention has been drawn to the 
large number of casualties on ships with 
the name of William. Up to 1 Aug. 1945, 
73 or 5.3% of all reported casualties oc- 
curred on such ships. A more careful 
check shows that all of the 73 casualties 
were on Liberty ships and the list of 
Liberty ships shows 195 Williams in 2710 
ships or 7.2%. There were 978 casualties 
reported on the Liberties, the name Wil- 
liam is present in 7.5% of the cases and the 
percentage is quite reasonable. 

The basic postulate that the predicted 
number of casualties will be proportional 
to length of service time and number of 
ships in service is accepted, other things 
being equal. For this reason, whenever a 
comparison is made between the service 
records of different groups of ships, the 
accumulated data are referred to the cor- 
responding length of service time over 
which the particular group of vessels oper- 
ated in accumulating the failures. 


B. Definitions 


Structural Failure.—A structural failure 
may consist of either a fracture or a buckle. 
(Buckles were involved in very few of the 
casualties and in no case were they re- 
sponsible for endangering the vessel. 
They have not been analyzed in this re- 
port.) 

Casualty.—A casualty consists of one or 
more structural failures which have oc- 
curred on the same occasion, on a vessel 
which is afloat. Unless otherwise stated, 
the casualty occurred under normal operat- 
ing conditions. 

Class 1 Fractures.—A Class 1| fracture is a 
fracture which has weakened the main hull 
structure so that the vessel is lost or is in 
a dangerous condition. 

Class 2 Fractures.—A Class 2 fracture is a 
fracture which does not endanger the ship 
but which involves the main hull structure 
at a location which experience has indi- 
cated is a potential source of a dangerous 
failure. Such locations include the 
strength deck, inner bottom, side and bot- 
tom shell and attachments thereto such 
as bilge keels and bulwarks. 

Class 3 Fractures.—Class 3 fractures in- 
clude reported fractures which do not fall 
in Class 1 or 2. 

Class 1 Casualty.—A Class 1 casualty is 
a casualty involving at least one Class 1 
fracture. 

Class 2? Casualty.—A Class 2 casualty isa 
casualty involving at least one Class 2 
fracture and no Class 1 fractures. 

Class 3 Casualty.—A Class 3 casualty is a 
casualty involving Class 3 fractures only. 


Table 1—Accumulated Number of 

Vessels Launched Under Maritime 

Commission Program and Remaining 
in Merchant Service 


to 1 August 1945 | to February 1946! 


EC2-S-C1. 

Z-ET1-S-C3. 
Z-EC2-S-C2. 
Z-EC2-S-C5. 
EC2-S-AW1 . 


EMERGENCY: | 
| 


TANKERS: 
Ti. 
498 523 
Tanker 25 | Reclassified to 
| T2 or T3 


STANDARD CARGO: 


R1-M-AV1 
RZ... 


COMBINATION: 
Pass. & Cargo. 
C2P&C.. 
C3P&C 


MISCELLANEOUS: 
C1-M-AV1 
Ci-MT-BUt. 
N3... 
v4. 


VICTORY: 
VC2-S-AP2 
VC2-S-AP3. 
VC2-S-AP4... 


4,694! 


1 Between 1 August 1945 and 1 February 1946, 279 vessels 
were removed from merchant service to be permanently oper- 
ated by the armed forces. These were excluded from the figures. 


Ship Month.—A ship month is a meas- 
uring unit for ship service experienced. It 
is equal to the service of 1 ship for 1 month. 


Examples: 
Ten ship months = 1 ship operating for 
10 months. 
or 
Ten ship months = 2 ships operating 
for 5 months. 
or 
Ten ship months = 10 ships operating 
for 1 months. 


C. Sources of Structural Failure Data 


The structural failure data used to as- 
semble this report came from several 
sources and were cross-checked and com- 
bined to obtain the greatest possible ac- 
curacy in the structural failure records. 
Reports of the Merchant Marine Inspec- 
tors of the United States Coast Guard were 
supplemented with data from the following 
agencies: 


United States Maritime Commission 
United States Navy Department 
American Bureau of Shipping 
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British Admiralty (Admiralty Ship 
Welding Committee) 
War Shipping Administration 


The technical divisions of the Coast 
Guard systematically examined, assembled 
and reduced the reports to uniform terms 
for purposes of analysis. The Naval Engi 
neering Division prepared previous statis 
tical reports and this report was prepared 
by the Merchant Marine Technical Dj 
vision. The individual casualty reports 


are available for examination at Coast 
Guard Headquarters, Washington, D. C 


D. Numbers of Structural Failures and 


Ships Involved 


To date (1 April 1946) there have been 
reported 1442 casualties which occurred 
on Maritime Commission-built ships, in 
cluding ships on loan to foreign govern- 
ments. 

Casualties of all classes (1, 2 and 3) are 
included in the following: 


Reported 
Suffering No. of 
Casualty Casualties 
Maritime Commission- 
built ships only 
(Table 1) 970 1442 
Maritime Commission- 
built ships in United 
Statesoperationonly 916 


Vessels which suffered no casualty 
Vessels which suffered 1 casualty 

Vessels which suffered 2 casualties 
Vessels which suffered 3 casualties 
Vessels which suffered 4 casualties 
Vessels which suffered 5 casualties 
Vessels which suffered 6 casualties 
Vessels which suffered 7 casualties 
Vessels which suffered 8 casualties 


Total vessels 


Various parts of the study refer to dil 
ferent ‘types of vessels. The numbers 
merchant véssels of each type launch 
under the Maritime Commission progra! 
and remaining iti merchant service ar 
listed (Table 1). 

Forty-seven casualties occurred on 
United States-built vessels not construc 
under the Maritime Commission prograt 
Since there are no corresponding serv 
data for these vessels, they have not be: 
included in the analysis in parts IT throug! 
\ of this report. 


E. Summary of Casualties by Cla 


The 1442 casualties on the Maritim 
Commission-built ships have been c! 
fied according to the damage resulting 4" 
the extent to which the vessel was ©! 
gered. 


Class 1 
Class 2 
Class 3. 
Unknown 
Total. 


Fortunately, greater care 1s 
taken in preparing the reports on the! 
serious failures and so it has been po coe 
to arrange a fairly complete summary ™ 
the Class 1 casualties, which appear ' 
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2,580 | 2,580 
Ses 62 | 62 
| 
22 | 24 
646 | 612 
; | 
CIA&CIB......... | 160 | 160 
heh. C2 & C2 Refrig...... | 251 | 243 
cs 1 2 
11 | 12 — 
395 | 358 No. of 
Ships 
{ 6) 3 
| 3) 
et | 18 14 
| 
27 | 18 
|! 
| 
199 218 
| 
16 | 16 
! 95 95 
9 | 49 
4 | Oiat 
211 
Neat 
1| 1 9 
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' 383 | 414 
Total... 4,712 | - 
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the appendix. This is followed by an 
alphabetical list of all casualties reported 
as occurring before 1 Aug. 1945, and 
another alphabetical list of the casualties 
occurring from 1 Aug. 1945 to 1 Apr. 1946. 


F. Ships Which Broke in Two or Were 
Lost 


Seven vessels have been lost: 


Name Date of Casualty 
Schenectady 15 Jan. 1943 
Esso Manhattan 29 Mar. 1943 
Valeri Chkalov 11 Dec. 1943 


Donbass III 17 Feb. 1946 


Details of the above casualties will be 
found in Figs. 1 through 10.* 


Date of Casualty 


Name 
Thomas Hooker 5 Mar. 1943 
J.L. M. Curry 7 Mar. 1943 
John P. Gaines 24 Nov. 1943 
Joseph Smith 9 Jan. 1944 
Samuel Dexter 21 Jan. 1944 
Joel R. Poinsett 4 Mar. 1944 
Sackett’s Harbor 1 Mar. 1946 


Remarks 
Abandoned 
Abandoned 
Broke in two; abandoned 
Abandoned 
Abandoned 


Broke in two; stern portion salvaged 
Broke in two; stern portion salvaged 


Four other ships broke in two but were 
not lost: 


* Additional photos and reports published in 
the Sept. 1944 and Jan. 1946 issues of Tuer 
WELDING JOURNAL. 


In 14 additional cases, the entire 
strength deck was fractured and in one 
other case, the entire bottom. 


G. Lives Lost Due to Structural Failure 


A total of 26 lives have been lost as a 


result of the structural failures. In the 
case of the Donbass III, 15 persons lost 
their lives. In the case of the John, P. 
Gaines, 11 people are missing after success 
fully embarking in a lifeboat. 


H. Casualties Occurring Each Month 


Figure 11 shows the casualties reported 
each month and indicates the peaks which 
occur during the winter months of each 
year. The dotted line indicates the cor. 
responding number of Maritime Com 
mission-built ships which were afloat and 
in operation. The steady increase shows 
the growth of our merchant marine and thy 
slight drop at the end is the result of trans 
ferring many ships from the merchant 
service to permanent military operation 
The curves indicate clearly that th 
measures adopted have been successfu! 
in suppressing the serious epidemic of 
structural failures reflected in the firs: 
peak. 


Part II—Analysis of Factors Contributing to Structural Failures 


A. Sea and Weather Conditions 


In determining the effects of sea and 
weather, it was necessary to use extra care 
to avoid misleading results. Ships of dif- 
ferent designs might tend toward exclu- 
sive use of specific trade routes. For this 
reason and because there were so many 
identical subjects, the Liberty ship was 
used as the specimen for analysis. Exist- 
ing orders to modify the hatch corners of 
vessels headed for regions of severe weather 
conditions tended to segregate the Liber- 
ties on a sea and weather condition scale. 
For this reason, vessels were eliminated 


from the study when the hatch corners 
were modified. For the same reason, the 
newer vessels with design and workman- 
ship improvements were preferred for the 
more severe services, and this factor had 
to be considered. The selection finally 
narrowed down to the 667 EC2 vessels 
launched before Feb. 1943. These vessels 
were completed before any structural de- 
sign details were altered. 


The service life of each vessel was in- 
cluded from date of launching to the pres- 
ent or to the date it was lost, loaned abroad 
or modified at the hatch corners. The 


modified vessels were then studied sepa 
rately. 

Each vessel of the group was located 
from the log entry on 1 Feb. 1943; 1 Aug 
1943; 1 Feb. 1944; 1 Aug. 1944; 1 Felt 
1945; and 1 Aug. 1945. The locations of 
the ships for each of the six dates were 
plotted together on one chart, Fig. 12 
Vessels in port were kept separate. The 
combined picture is representative of the 
condition over the operating period 

To obtain the data regarding the pro- 
portion of service time experienced at var'- 
ous temperatures, the world chart of ship 


_ 170" 160° 130° 180° wor 10° 90° so* 40° 20° 10° 0° 10° 30* 40° @0* 90° 100° 
[|= | | 
a o 1° 2e se se 
tor 
' 
Fig. 12—World Chart Showing Location of the Selected Liberty Ships on 3413 Occasions 
2195 occasions in port*; 1218 occasions at sea. 
582 THE WELDING JOURNAL JULY 


Num 


locat 
worl 
iver 
sions 
repre 
over 
peior 
grat 
spre 
3413 
were 
rang 
worl 
tem] 
the 
listr 
expe 
ture 
char 

T 
mon 
tem 
aver 
Dat 
trib 
mor 
We: 
Offi 
icc] 
per; 
to 
Cory, 
Test 
ate 


194 


\ 
4 
— 
Brock P 
+ 
- 
meg: 
t 
id 
A 
he 
Tal 
ah; 
Sy 
fe 
Ky 
| 
: 
ge 
| 


" 4 : Table 2—Class 1 and 2 Casualties on 667 Liberties Launched Before | Feb. 1943 
Sess Number of Casualties (c) by Age and Calendar Month at Time of Casualty, and Number of Ships Afloat (s) of the Same Age in the 
Month of Casualty 
Fall Winter Spring Summer Fall Winter Spring Summer Fall Winter 
| Age (Months after 1941 1941-42 942 1942 1942 1942-43 943 1943 1943 1943-44 
c c | s c c 3 c 3 c c 8 c c | c | 
10 57 144| 1 | 307| 10| 494] 18 | 669| 5) 241|....|..... 
10 54 136 | 5 | 297/10] 476] 8] 650| 233]....|... 
‘om 9 52 1] 135 | 4] 288; 2] 471 | 10 | 646 10| 221 
un 13, 14, 15. 7 48 | 3 125 286 | 5 | 468 | 21 | 590 
hows 6; 2} 40 1 | 121 282 | 19 | 442 
ssful = — — 
ah . ~ Spring | Summer Fall | Winter | Spring | Summer Fall | Winter 
fir | Toa4 } 1944 1944 1944-45 | 945 | 1945 1945 | 1945-46 
Age (Months after launching) } 
| ¢ | c c | ¢ |» 
5 | 1} 251 |... | 239 69}... 
Au 49, 50, 51 | 2 | | 9 
ns of — 
were 
12 
The 
of the locations was applied to 12 charts of the ABOVE WATERLINE FRACTURES 
world including isotherms for the monthly VERSUS AIR TEMPERATURE 
pre iverage temperatures. The ship occa- nS BASED ON 55 FRACTURES OCCURRING BEFORE 
onli sions chart, Fig. 12, was considered to b>. 1, AUG. 1945 ON 667 SELECTED LIBERTY SHIPS 
f ship represent the distribution of Liberty ships (VESSELS IN PORT ONLY) 
over the world at any instant during the ALL TYPES OF FRACTURES 
peiord under study, as it shows the inte- 
grating positions based upon six occasions H SERVICE THME IN|PORT 
spread over the period of study. The _——— 
ship occasions indicated on the chart 
100" were divided between the 10° temperature 
‘anges described by the isotherms on the 
world charts. The occasions within each FRACTURES 
temperature range were then summed for 
the 12 monthly charts. Thus a relative 
distribution was obtained indicating the 
experience of the ships in each tempera- 
ture range based upon monthly isothermal 
+—4 charts. 
Phe isothermal charts show the average PERI 
monthly temperature. Instantaneous OF] SERVICE 
‘cmperatures are above and below the 
“Verage for a certain percentage of time. AVERAGE POINT 
Data regarding the average spread dis- 
tribution corresponding to each average 
“onthly temperature and for various 
; different climates were obtained from the 
I — Bureau and the Hydrographic L 
ice. A correction was applied to the of of ae op so 4 4 
| ; iccumulated occasions within each tem- | | NUMBER| OF | FRACTURES PER SHIP MONTH OF SERVICE. 
Pcrature range and they were redistributed woo | 3000 4000 
to represe nt instantaneous values. This MONTHS OF SERVICE 4 j 4 
Correction was generally not great. The ° ' 2 3 4 5 6 7 8 Ss 10 ty i2 ‘3 14 
resulting figures indicated the proportion- 
‘te amount of service time for each tem- Fig. 13 
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40 
i Table 3—Summary Sheet-Loading 
! Conditions (Liberty EC2-S-Cl) 
2 | 
UPPER DISPERSION \ Crew and stores 30 ( 
= a \ ! Inner bottom No. 1 144 144 
z \ edad Inner bottom No. 2...... 340 My 
/ N Inner bottom No. 3 234 2s 
Inner bottom No. 4...... 132 
o 4 Inner bottom No. $ 236 254 
« 7 CTE seed Inner bottom No. 6 110 120 
/ Forepeak.............-. 145 
Deep tank No.1........ 0 
Deep tank No. 2 420 424 
are LOWER DISPERSION LimiT> Deep tank No. 3 760 0 
Cargo space No. 1 0 0 
—— ~ Cargo space No.2... ... 360 300 
Cargo space No. 3....... 615 
AGE aT CASUALTY Cargo space No. 5....... 450 
Fig. 14—-Casualties per 3-Mo. Period (Winter 1943-44) Divided by Ship-Months’ Service Sen tenes... 3.032 73m 
in Same Period; Merchant Vessels Built by Maritime Commission (See Table 1) , 
Per cent of full load...... 57 53 
Ft. tons still water moment 22,485 53,29 
(OY TRIMESTER AGE P. i. stress in deck... .. 2,292 5,900 
¥ actual risk under any given condition, it is 
- -- possible to make a comparison of the over 
L = { all contribution of the two variables on the 
fracture problem and with respect to th: 
667 Liberty ships. For this purpose, the 
z operating time of these ships was divided 
3 N wiey seas into four equal parts and it has been pos 
: a 2: WINTER sible to separate the 620 fractures (Class | 
5 <= 2 and 3) into corres di 
— 2 : sponding groups 
— | 
4 WINTER ~ 
494 Fractures Rati 
297 ‘Vite Temperature high in port 11 | 
LOWER] DISPERSION Temperature low in port 37 3 
~ Temperature high at sea* 53 5 
48 Temperature low at sea 519 


AGE AT CaSuUALTY 


Fig. 15—Casualties per 3-Mo. Period (Winters 1942-43 and 1943-44) Divided by 
Ship-Months’ Service in Same oe oat Ships Launched Prior 1 Feb. 1943 
( le 2) 


perature range as established with the aid 
of the ship occasions chart. These rela- 
tive figures were changed to actual ship 
months of service by a straight multi- 
plication because the total number of 
months of service time on the particular 
group of ships was known. 

A similar procedure was followed in the 
case of both the sea and swell charts but 
the Hydrographic Office furnished charts 
which were on a percentage of time per 
month rather than an average monthly 
basis. It was therefore not necessary to 
make the correction for average monthly 
values. 

The number of fractures for the corre- 
sponding period of operation were plotted 
opposite the temperature which was re- 
ported witheach. When the temperature 
at time of fracture was not reported, the 
fracture was not enumerated in this study. 

From the assembled data based on the 
667 Liberty ships launched before 1 Feb. 
1943, an attempt was made to ascertain 
the risk of casualty under varying con- 
ditions of air temperature and state of the 
sea. Various plots were made but it was 
found that the data were not sufficient to 
establish casualty risks under known com- 


binations of air temperature and state of 
sea in such a manner that they would with- 
stand a rigorous statistical appraisal. It 
was possible, however, to eliminate en- 
tirely the effect of sea in a study which was 
made on ships in port only. The results 
of this study are presented in Fig. 13 and 
show the distribution of service time and 
fractures for various air temperature 
ranges. This plot includes Class 1, 2 and 
3 fractures for the above water line portion 
of the hull as well as an indication of the 
risk of casualty in terms of casualty per 
ship months of service time; all curves are 
plotted against air temperature ranges. 
Although the number of fractures did 
not permit a complete subdivision on the 
basis of both sea and weather, it was pos- 
sible to get a rough idea of what the com- 
bined effect of these two items would be. 
From the approximations made, it would 
appear that the risk of casualty at the 
lower operating temperatures and rough 
seas is many times the risk of fracture in 
very warm weather and in port. These 
are extremes of operation, however, and it 
is fortunate that there are few ships oper- 
ating in cold weather and heavy seas. 
Although it was not possible to obtain the 
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*It must be realized that two-thirds of the 
operating time was spent in port, consequently 
the service time in the two “at sea’’ quadrant 
includes not only the data in heavy seas, and 
normal and calm seas, but also a certain amout 
of time in port 


All reported air and sea temperatur 
and sea conditions are tabulated in th 


Table 4—Theoretical Versus Actus! 
Distribution, Repeated Casualties 


EC2-S-Cl Casualties Up to 1 Aug 1M 
Based on 922 Class 1, 2 and 3 Casual! 


EC2’s which suffered no casualties... . 1,806 
EC2’s which suffered 1 casualty only. . 644 
EC2’s which suffered 2 casualties only. . 
EC2's which suffered 3 casualties only. . 14 2 
EC2’s which suffered 4 casualties only. 1 
EC2’s which suffered 5 casualties only. . 0} 
EC2’s which suffered 6 casualties only . 


fotai ships involved 


1 The Poisson distribution formula wa* 
in this computation 


pix) = 


where 

e is the base of natural logarithms 

x is the order, or the integral number! 
titions considered i 

p(x) is the fraction of the whole sumo 
casualties for each order ‘‘x"’ 

m is the average value of casualtic: 
i.e., 922 + 2580 
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alphabetical index of casualties in the 
appendix of this report.* 


B. Age of Vessel 


The date and age data permit study in 
many different ways. A sample plotting 
of winter casualties, Fig. 14, shows that 
casualty rate is not appreciably affected by 
age. Summer casualties are very few and 
show no anomalies. Other divisions by 
season may be plotted ad lib but most of 
the casualties were in winter. 

The effects of structural alterations on 
the ‘667 Liberties’’ are eliminated by de- 
leting each ship from the list at the time 
the alterations were made, Table 2. Thus 


* Not reproduced—see original report 


greater homogeneity of the date and age 
data on these ships permits further analy- 
sis. Although the curves, Fig. 15, show 
risk diminishing as age increases, such a 


conclusion would be hasty. This trend 
might be explained in several different 
ways; as by decreasing quality in ship con- 
struction practices, increasing notch sensi- 
tivity in the steel, or the selective assign- 
ment of missions to different categories of 
ships, there is no way of disentangling 
these influences. In any case, it is not to 
be regarded as an effect of elimination from 
the category of ships especially subject to 
casualty (lemons). 

One conclusion which might be drawn 
from the curves for winters 1942-43 and 


1943-44 is that the conditions to which the 
ships were exposed in the second of these 
were notably more severe than in the first. 

The upper and lower dispersion limits 
are shown on Figs. 14 and 15. These 
limits are established on the basis of prob- 
ability so that 99 out of 100 similar find- 
ings could be expected to fall between them. 


C. Loading of Vessel 


It was early suspected that poorly dis- 
tributed cargo loading, under the pressure 
of wartime necessity, had been responsible 
for many of the structural failures. It was 
therefore decided to embark upon a study 
of the effect of cargo loading and in this 
regard, information was solicited from 
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Merchant Marine inspectors and supple- 
mented by data from the logs of many mer- 
chant vessels. The information on the 
dry cargo Liberty ships presented a great 
variety of loadings and no rational method 
for reducing this mass of data was evolved. 
It was noted from a rough survey that the 
details of the loading were considerably 
different, but the fore and aft distribution 
varied within relatively narrow limits in so 
far as bending moment on the hull was 
concerned. 

In order to obtain a base line to which 
comparisons could be made, calculations 
were made on the Liberty ships at several 
different drafts with a loading which was 
uniformly distributed so that the trim was 
representative of typical operating con- 
ditions. Typical trim conditions at vari- 
ous drafts were obtained by recording the 
fore and aft drafts of 216 ships from the log 
books. The trim used in the calculation 
was the average of the scattered plots. 
From these bending moment calculations, 
the maximum tensile stress in the crown of 
the deck amidships was determined and is 
indicated in Fig. 16 by triangles and a solid 
line. The maximum nominal stress value 
in the deck with this type of loading was 
about 7600 psi. tension at 24 ft. mean 
draft. Comparison between the uniform 
loading used for this calculation and the 
numerous loading charts forwarded to 
Coast Guard Headquarters indicates that 
the uniform loading was practically typical 
and can be considered so. 

For further comparison, stresses from 
bending moment calculations performed 
by the University of California on two 
Liberties have been plotted as hollow 
circles. It will be noted that the scatter 
of points follows the general trend of the 
line of uniform load distributions. In 
addition, a calculation was made on a con- 
dition representative of the most severe 


hogging load likely to occur in normal 
service and the deck stress was found to be 
13,750 psi. tension under this abnormal 
bending load. 

Finally, calculations were made on 
several vessels which had cracked. The 
nominal stress at the point of fracture is 
plotted with solid circles. The scatter 
again centers around the line of uniform 
loading. This indicates that the loading 
on the vessels which fractured was ap- 
parently not abnormal even though the 
stress from loading is appreciable. 

Although a wide range of cargo dis- 
tributions can be produced, it can be seen 
that the actual difference in bending mo- 
ment between typical normal distributions 
is not great and little would be gained by 
attempting to prescribe cargo loading dis- 
tributions. On the other hand, ballasting 
presents a possibility for a wider range of 
variations without interference with good 
operating conditions. Prescriptions were 
therefore made up for standard ballasting 
distributions and are now in use on Liberty 
ships in the North Atlantic. The nominal 
deck stresses with the various standard 
ballasting plans are indicated by boxes on 
the illustration, Fig. 16. The box indi- 
cated as London and Glasgow ballasting 
represents the ballasting system used be- 
fore the longitudinal bending moment was 
a consideration and failures became a prob- 
lem. The Maritime Commission 1500-ton 
ballasting schedule is now in use. The 
weight distributions in the standard bal- 
lasting conditions is shown on Table 3. 

A similar but less extensive study was 
done on the cargo loading on the T2 
Tankers. It was found that a much wider 
possible range existed for the cargo loading 
conditions with nominal deck stresses 
reaching 14,540 psi. tension under an ab- 
normal load condition. Stresses from uni- 
form loading, however, were even lower 


than those in the Liberty. They varied 
in a smooth curve from 6000 psi. tension iy 
the light condition to 600 psi. compression 
with a uniform full load, the deck stress jy 
lightship condition being the maximum 
value for a uniformly distributed loading 
Loading calculations have been made oy 
two T2 casualties and the nominal stresses 
at the points of fracture in the sheer strake 
in one case and in the deck in another was 
found to be 9900 psi. tension for the SS 
Schenectady and 12,150 psi. tension for the 
S.S. Esso Manhattan. It is clear that in 
the case of tankers, abnormal loading cay 
contribute to the failures but that it can be 
avoided with greater ease than on th 
Liberties. 


D. Repeated Casualties 


Certain vessels have incurred more than 
one casualty. When a ship suffers two or 
more failures, there is a tendency to du! 
her ‘‘alemon.’’ This frequent reaction t 
repeated failures implies that certain ships 
by virtue of inherent characteristics are 
more liable to suffer structural failure: 
It would be practically impossible to sepa- 
rate the causes of such additional casual 
ties and point to workmanship, fabrication 
practices, material or to some mysteriou 
unknown factor as the culprit. An at 
tempt was made, however, to get some idea 
as to whether such ‘“‘lemons”’ 
exist. 


actually 


A probability calculation has been mad 
to determine the number of repeated fail 
ures which would result from a randor 
scattering of 922 casualties among a corre 
sponding group of 2580 ships on thx 
sumption that all units are equally like) 
to attract trouble. 

The indication is that after a ship has 
had a casualty, it is somewhat more liabl 
to a casualty than before the first. 


Part IlI—Susceptibility to Fracture of Different Ship Designs and Structural Details 


A. Shipbuilder and Type of Vessel 


The various Maritime Commission de- 
signs have been divided to show the sus- 
ceptibility of each design to structural 
casualties. In addition, the EC2s and T2 
Tankers have been listed by shipyard be- 
cause the number of vessels built by each 
yard was sufficient to permit a picture of 
their relative performance. The figures in 
Table 5 show the number of ships launched 
in each group, the ship months of service 
time up to 1 Apr. 1946, the number of 
casualties of all classes which were reported 
up to that time and the Class 1 casualties. 

A study of the figures shows that no real 
conclusion can be drawn. Considering 
only those groups which accumulated more 
than 3000 ship months of service, it will be 
seen that the best record with the Liberty 
ships was in Permanente Yards 1 and 2, 
and second best was Bethlehem-Fairfield 
which was the only yard where shell seams 
were riveted. Considering the Class 1 
casualties only, however, it will be noted 
that the best yard is Bethlehem-Fairfield 
and second best is New England. 

It is difficult to rationalize these results 


on the basis of workmanship because 
Bethlehem-Fairfield did not exhibit re- 
markably good appearance in the Welding 
Advisory Committee’s workmanship re- 
port and other reliable reports indicate 
that the quality of hull structure produced 
by Permanente varied from fair to good as 
systematic controls were introduced. At 
the other extreme, Oregon received a poor 
report from the Welding Advisory Com- 
mittee and has a correspondingly poor 
casualty record. Calship is intermediate 
with a moderately poor casualty record 
and a good report by the Welding Ad- 
visory Committee. 

A feeling of confidence in the vessels 
with riveted shell seams resulted in their 
assignment to routes where severe weather 
conditions were anticipated. In light of 
this and the good performance record 
under such adverse circumstances, the 
beneficial influences of riveted seams can- 
not be denied. 

In connection with the Class 1 casual- 
ties, the good record of New England is 
difficult to explain but it should be noted 
that this yard riveted the bulwark to the 
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top of the sheer strake, thereby eliminating 
many serious fractures which might hav 
emanated from the bulwark. A similar 
lack of alignment between serious class an 
all class casualty results exists in almost 
the entire table and cannot be explaine¢ 

The casualty result on the T2 Tankers s 
even more difficult to rationalize but !t § 
interesting to note that Marinship, wher 
great care was taken in the struct ral « 
tails and where gamma-ray inspection 
used, has a measurably superior recor¢ ' 
the other three shipyards. This yare™ 
ceived about the most favorable report 
any yard visited by the Welding Advse 
Committee. 

Sixteen of the 78 Marinship tankers we 
delivered directly to the Navy. [lus ** 
somewhat higher proportion than for ™ 
other yards, but the good record 0! Maria 
ship cannot be greatly affected by | 
factor because reports of major (i/ficult 
on Navy operated vessels did not include 
any Class 1 casualties for Marinship 

It is gratifying to see the record yee 
Victory ships as compared to t!i¢ ass 
Their record indicates quite cle«y that" 
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ships. This chart indicates that the fra 
Table 5—Shipbuilder and Type of Vessel tures peak up near amidships in the upper 


; ; deck and in the bottom with few fractures J) 
Comparison of Casualty Incidence Based on Casualties Reported Before 1 Apr. 1946 in the tween decks, indicating that longi. Py 
—— clases of tudinal bending stresses play an importa t 
Typo of weaned ond digs | Ship mente | part in their distribution. The tabulatio; 
Number | ship month | Number | ship month also shows the magnifying effect of certain FY Pf 
EC2-S-C1 design features such as the hatch corner: Py 
= : | which were responsible for 612 fractures or H 
Calship 306 164 0.0154 19 | 0.0018 - The sketch of the EC2-S-( 
 afilpeialiat ae 132 3,549 57 0.0161 | 12 | 0.0034 vessel indicates the effect quite clearly - 
Jones Brunswick 85 1,915 27 0.0141 0.0005 Fig. 18. OF: 
Jones Panama... er 66 1,495 14 0.0094 | 1 | 0.0007 The distribution of the fractures in the Bi) = 3 
Kaiser Vancouver 10 369 8 0.0217 0.0027 89 serious casualties occurring upto] Au, 
New 8700] 72 | «1945, is somewhat different, Fig. 19. In 
Sterth 126 4,085 60 0.0147 5 0.0012 many cases, the damage was so extensiy; 
Oregon....... ica de daras 322 11,044 215 0.0195 20 | 0.0018 that the starting point was not located £| 
Permanente... .. 489 15,557 100 0.0064 14} 0.0009 For this reason, it is only possible to iden. 
Rheem. . 1 a 0 0 ° e tify positively the starting point of 3) By 
88 23 0.0105 0.0005 casualties involving 42 fractures. Ten of 
Todd-Houston. . ws 208 5,542 74 0.0134 18 0.0032 these fractures or 24% started in the sheer 
Walsh-Kaiser. . P 10 309 7 0.0227 0 0 strake cut for the gangway ladder 
— Twenty-two or 52% started in the hatch 
Total EC2-S-C1......... : 2,580 76,396 964 0.0126 wel 0.0013 corner including 48% at No. 3 hatch : 
Figure 20 shows the original design 
i See eee 102 2,147 22 0.0125 6 0.0027 the hatch corner and indicates the thre: 
147 3,283}. 66 0.0201 6 0.0018 most important sources of fractures. Th 
Marinship 78 1,611 4 0.0025 0 bd greatest number of hatch corner fractures 
Total T2 tankers......... ..... 530 12,032 | 193 0.0160 16 0.0013 second greatest as B, and there wer 
= several of type C. In the case of the type 
Torar Victories 414 5,940 33 0.0056 0 0 B fractures, there was involved a combi 
nation of design and workmanship. Th 
Shige. = — = abrupt end of the 51-lb. doubler 
the deck was probably sufficient in itself 
to start a fracture at so critical a locatio: 
Table 6—Casualties Occurring on Various Designs but in many cases, this was supplemente 
by a saddle weld in the butt of the deck 
Before 1 Aug 1945 | 1 Aug 45-1 Apr 1946 | Before 1 Apr 1946 plating at this point. It was commo 
922 965 in some shipyards to weld with 
Z-ET1-S-C3... 53 9 62 nionmelt mac hine to within a few inches 
of the hatch coaming where the automat 
Z-EC2-S-CS.___. 3 1 4 equipment had to be stopped. The 
mainder of the seam was completed 
hand welding without further preparatio: 
. 1 0 and a saddle weld resulted because of fu 
, aa eae 178 15 | 193 ure of the welding to penetrate the squar , 
18 0 | 18 edged butt. 
Many fractures occur at the sheer strak 
Standard Cargo..| C1A & CIB......... 38 3 | 41 cut for the gangway ladder and the squar 
31 2 33 ending of the boat deck plate stanchior 
C2 Refrig.. . ee 40 1 41 Figs. 21 and 22. , 
a ; Rg 3 1 It has been noted that the fractures «! 
2 1 3 the center-line stanchion of the seco 
deck almost always occurred as a result 0! a 
C2P&C 4| 0 4 edge of the hatch is under high tensi ts 
whenever there is cargo loaded in th 338 
tween decks because the heavy supporti" if 
Miscellaneous . | Cl-M-AV1... Ae, . 0 4 H stanchion is just beneath. Most a 
L6......... 13 0 13 these fractures have occurred in the !0 
a 13 . os ward end of No. 2 hold and the aft end 
V4 0 No. 1 hold. This is just about whe 
maximum pounding would be expect 
3, & 4... 14 od The thrust of the bottom force overcom!+ 
the inertia of the tween deck cargo /" N 
1,342 99 1,441 duces high stresses in the deck over th H ‘4 
column. In addition, notches around ™ 
sole plate of the tween deck stanchion “ $f / 
is possible to eliminate most of the frac- seams around the margins of the tween the ends of brow plates magnify the str ot | 
tures by improving design details including decks. In recent months, the number of Fig. 23. ty 
riveted gunwales and using more careful failures reported for these ships has Bending tests on’the Liberties indie! / 
workmanship. dropped markedly indicating that the that the bending stresses in th: hull a + 
Previous reports have mentioned the alterations have been effective. (For only slightly reduced by the presence | 
high casualty rate of the C2 refrigerated other designs see Table 6.) deck house. The number of amidship 
ships. These casualties were invariably ; ‘ wark fractures and shell fractures at ™ / 
in the tween decks inside of the insulated B. Liberty Ships gangway support this. It is curious“ Biy/ 
holds. The numerous repairs have in- A plot, Fig. 17, has been prepared show- note that up to 1 Aug. 1945, the corners” & 
cluded rounded corners for the hatches and ing the longitudinal and vertical location of the machinery casings which are similar 1 7 ~ 
in several cases, the introduction of riveted all classes of fractures on the Liberty design to the other hatch corners suffere? i 
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© JOAQUN MLLER. 
1947 

@® dAwEL 
1943 


COWARD 
FOUND ti APRIL 1344 


MARK HOPKINS 
FOUND 24 APRIL 1944 


UP TO LAUG, 1945, 32 
FRACTURES WERE 

REPORTED TO HAVE 
OCCURRED AT THE 
SHEER STRAKE CUT. 


FRACTURES LOCATED FROM PHOTOGRAPHS OR FIELD SKETCHES 


Fig. 22—Liberty Vessel; Composite Sketch of Fractures at Cut in Sheer Strake for 
Accommodation Ladder 


© sua. pe Fuca 

@ LWCIUS FAIRCHILD-EC2-5-c! 
FOUND APR 1944 

ENOS A. MILLS -EC2-5-CI 
REPORTED 5 FEB.) 


@ JOSEPH REYNOLDS -£c2-5-ci 
2SMAR. 22 APR.1944 


@MIOWEST FACMER -EC2-s.cl BEAM STANCHION 
@ MELVILLE JACOBY. EC2-S-Cl 
20 MAR.1944 

UP To 1, AUG, 1945, 36 
FRACTURES OF THIS 
TYPE HAD BEEN RE- 
PORTED, INCLUDING 

19 IN No.2 HATCH 


14 814% H BEAM STANCHION 


FRACTURES LOCATED FROM PHOTOGRAPHS Of FIELD skeTCHEs 
Fig. 23—Liberty Vessel; Centerline Stanchion, Second Deck 


590 THE WELDING JOURNAL 


less than 13 fractures. Hatch No 3 
suffered 377 fractures and No. 4 110 frac. 
tures and the beneficial influence of the 
warmth in the casing is hard to contest 
It has frequently been held that the 
hatch corners were not the serious of. 
fenders but that many of the fractures 
emanated at the bulwark or gunwale and 
ran inboard to the hatch corner. A frac. 
ture running from hatch corner to gunwale 
would warrant grading the casulty Class |. 
The Class 1 EC2 casualties include 67 
fractures involving the hatch corner yi- 
cinity. Thirty-nine of these fractures are 
known to have originated in the hatch 
corner. A simple proportion indicates 
that 5 or 6 of the 28 fractures of indefinite 
origin probably can be attributed to the 
details of the gunwale or bulwark. The 
reported 612 hatch corner fractures do not 
include these 5 or 6, nor do they include 
the remaining 22 or 23 which probably 
originated in the hatch corners. 


C. .T2 Tankers 


The longitudinal distribution of the 
fractures on the T2 Tankers also shows a 
peak amidships indicating that bending of 
the hull is partly responsible for their oc- 
currence, Fig. 24. All of the nine serious 
casualties occurred in Nos. 3, 4, 5, 6 and7 
tanks. 

The source of the failure has been lo- 
cated on two of the ships which broke in 
two. In the case of the S.S. Esso Man 
hattan, a defective butt weld was the soure: 
and in the case of the S.S. Schenectady, it 
was a notch resulting from the combined 
effect of a design detail and a defective 
weld. The source of trouble on the two 
recent T2 Tanker catastrophes is not yet 
known. 

Most of the Class 3 fractures occurred ir 
a detail at the juncture of the transverse 
and longitudinal bulkheads, Fig. 26 
Three hundred twenty-five fractures 
ported before 1 Aug. 1945, at these inter- 
sections have been traced to design details 
which cause a stress concentration under 
the influence of both hull bending and loca! 
hydrostatic loads. It would appear from 
the longitudinal distribution of these fra 
tures that the hull bending stresses have 
considerably more to do with the failures 
than local hydrostatic loading, either stats 
or dynamic. 

The sources of these fractures have been 
located by calculation and test gnd a satis 
factory measure has been devised to ease 
the offending detail. 

One hundred and seventy fractures 0c 
curred at the toe of a bracket on thie trams 
verse bulkheads, Fig. 27. This is a de=1g" 
detail which can easily be cured and 1m 
proved arrangements have been itted in 
several vessels. A check on the long 
tudinal distribution of these fractures indi: 
cated that they could not be rela‘ the 
longitudinal bending of the vesse! rhey 
apparently result from local loading 

The large number of fractur: 
forepeak indicated in Fig. 24 have | 
many details of the internal 
They are local in nature. 


D. Victory Ships 


Practically all of the casualti 
Victory ships have been Clas: 
fractures reported before 1 Aug 
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ON TRANSVERSE BULKHEADS OR 


NOTE. FIGURES AT TOP OF BARS ARE, 
NUMBER OF FRACTURES --LEFT 
PERCENT OF FRACTURES --RIGHT 


BASED UPON 483 FRACTURES OCCURRING 
ON T2 TANKERS BEFORE 1, AUG. 1945. 
456 OTHER FRACTURES OCCURRED 


WERE NOT ACCURATELY LOCATED. 
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60% OEEP TANK. 
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ite two principal sources of trouble: the 


bulwark cap rail and plating and the bul- 
wark braces. 


The casualties occurring 
before 1 Aug. 1945, included 53 fractures. 
Eighteen, or 30%, occurred in butts of the 
bulwark and 27, or 51%, occurred at the 
toes of the bulwark braces. 

Most of the bulwark failures occur at 
the forward and aft end of the deck house 
where the bulwark is flanged to land per- 
pendicular to the rounded house front, 
Fig. 28. This is a poor design detail but 
‘s not a dangerous feature because experi- 
ence with the Liberties led to constructing 
the Victory bulwarks free of the top of the 
sheer strake. This freedom prevents the 
cracks from propagating into the hull. 

Most of the bulwark brace failures oc- 
curred on the forecastle, Fig. 29. It ap- 
Pears that the load of water resulting from 
plowing into a wave bends the widely 
: red bulwarks outward and causes the 
ie fail. Sometimes the weld be- 
no i brace and deck plating cracks 

requently the deck itself is torn or 


CTacke ce . 
his is not serious on the fore- 
astie ; 
hi © Dut it sometimes occurs nearer amid- 
Ships 

ps 


; Most of the Class 2 Victory ship 
— involve this type of fracture. 
smice | Aug. 1945, there have been re- 
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Fig. 24 


ported five new and curious failures, Fig. 
30. The masts have broken on five new 
ships as follows: 


defective welds because of the difficulty in 


performing the welding 


Using reported casualty data supple- 


Antioch Victory Foremast Bethlehem-F airfield 
Mahanoy City Victory Mizzen Mast Bethlehem-F airfield 
Brown Victory Mainmast Oregon 

Waycross Victory Mainmast Bethlehem-Fairfield 
St. Lawrence Victory Mainmast Permanente 


The cause of these failures has not been 
determined but the sources of the steel are 
being checked. 


E. Relative Contribution of Design and 
Workmanship 


The fractures occurring on the EC2- 
S-C1 design have been grouped to deter- 


.mine the proportionate contribution of 


design and workmanship to the number 
of fractures which occurred. It is impos- 
sible to make a breakdown with a clear line 
of demarkation between the groups be- 
cause in many cases, poor design details 
and poor workmanship went hand in hand 
in their contribution to the fracture. In 
other cases awkward design resulted in 
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mented by the findings of the research 
projects for guidance, it has been possible 
to make a reasonably reliable judgment 
regarding the part played by workman- 
ship in 1800 of the 2504 fractures reported 
occurring on the EC2-S-C1 vessels before 
1 Aug. 1945. It was found that in 25° of 
these cases, no fracture would have re 
sulted had good workmanship been used 
In 20°% of the cases, there was some ques 
tion but it was believed that the failure 
might have been avoided had the work- 
manship been good. In the remaining 
55%, the design conditions created such 
severe notches that perfect workmanship 
could have done little to prevent the fail- 
ures. 
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Fig. 25—-T2 Tankers; Details with Abnormal Frequency of Fracutres 


These data include 883 fractures of known origin, occurring before 1 Aug. 1945. Fifty-six other fractures 


indefinite origin were repored. 
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Fig. 27—T2-SE-Al Type; Composite Sketch of Fractures; Tripping Brackets of Bulk 
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Fig. 30—Victory Ships Showing Fracture of Mizzen Mast of Mahanoy City Victory 
Which Occurred on 24 Jan. 1946 


Fracture extended completely around mast except for 8'/, in. on the fore side. 


The 25% fractures which could have 
been avoided by good workmanship in- 
clude welded butts in the bulb bars in the 
bulwark and bilge keel. These defective 
butt welds might have been avoided in the 
design stage by the use of some other mem 
ber instead of the bulb bar. The 20°, 
which might have been avoided by good 
workmanship were practically all at th 
end of the hatch corner doubler where the 
participation of perfect workmanship jis 
questionable. It can be seen from this 
that design contributed to a large propor- 
tion of the casualties, far greater than did 
workmanship. 


This should not be taken as an excus: 
for relaxing the standards of workmanshi; 
because many serious failures including thy 
Esso Manhattan which broke in two wer 
traced to defective butt welds where poor 
design played no part whatsoever. 


F. Discussion 


Almost all of the fractures could t& 
traced toa notch ofsomesort. This notc! 
might be a design geometry or a defectiy 
weld but in practically every case, a r 
notch could be found. There were a few 
cases, however, where geometry did not 
participate. In most of these the fractur 
commenced at a longitudinal welded sea: 
and spread to port and starboard. In th 
five Victory ship mast failures, the fra 
tures have occurred near but not in geo- 
metrical configurations. In each cas 
however, they were near welds. Thy 
welds in some cases appear to affect t! 
structure apart from creating geometri 
discontinuities. 


Part IV—Effectiveness of Certain Structural Alterations 


A. Summary of Alterations Performed on 
Liberty Ships 


Table 8 shows the number of vessels of 
various types which have been altered in 
accordance with requirements which have 
been issued. It will be seen that hatch 
corner reinforcements have been fitted on 
practically all of the vessels and that 
riveted crack arrestors have been fitted on 
a great many. Compliance with current 
requirements involves immediate addition 
of hatch corner reinforcements, deck and 
gunwale crack arrestors on all passenger- 
carrying Liberties. Cargo ships must 
have hatch corner reinforcements and gun- 
wale crack arrestors before issuance of the 
annual inspection certificate beginning 
30 June 1946. All alterations will there- 
fore be completed by 30 June 1947. 


Type or LIBERTY SHIP 


Ships Converted to Carry Troops: 
AP—Dry cargo ship completely con- 
verted for troops operated by Navy. 
APK—Dry cargo ship partially con- 
verted for troops operated by Navy. 
XAP—Dry cargo ship completely con- 
verted for troops operated by WSA. 


XAPK—Dry cargo ship partially con- 
} verted for troops. 
XAH—Dry cargo ship converted to 
hospital ship. 


Dry Cargo Ships: 
XAK-1—General cargo not converted 
EC2-S-Cl (except Navy operated). 
XAK-2—General cargo converted to 
cable ship. 
_XAK-3—General cargo converted to 

mule carrier. 

XAK-4—Tank (motorized equipment) 
carrier Z-EC2-S-C2. 

XAK-5—Tank and airplane carrier 
Z-EC2-S-C5. 

AK—General cargo not converted EC2- 
S-Cl operated by Navy. 

XAC—Colliers, EC2-S-AW1. 


Liquid Cargo Ships: 
XAO—Tank vessels Z-ETI-S-C3 (ex- 
cept Navy operated). 
AO—Tank vessels Z-ET1-S-C3 operated 
by Navy. 
Misc. Vessels Operated by Army and 
Navy: 
Army: MA—MaA repair ships, etc. 
Navy: MN—M, AG, AK, AKN AKS 
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ARG, ARV, and IX (unclassified 


B. Hatch Corner Reinforcements on L 
erty Ships 


Figures have been prepared to show thi 
relative effectiveness of the various typ® 
of hatch corner reinforcements prescril 
for the Liberty ships. The results up! 
1 Aug. 1945, are tabulated in Table 7 

The above table should not be 
sidered a true statistical present.«tio! 
the relative merits of the hatch cor 
reinforcement designs because it is "! 
possible to determine the weather ands 


Unreinforced 
Reinforced in service, Codes 5, 
6, and 7 
Reinforced during construction, 
Codes 1 and 2. 
Hatch codes 3, 4, and 8, (no 
approved). 
Approved codes 1, 2, 5, 6,7... 
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HATCH REINFORCEMENT 


CODE NUMBER 1 --- 


DE 


HATCH CORNER LOOKING 


INBOARD 


HATCHES 2,3, & 4 IN UPPER DK. 

US. MARITIME COMMISSION MC PLAN EC2-S-GCI-SI6-2-3, DETS. 2 & 3 

U.S. MARITIME COMMISSION MC PLAN EC2-S-CI-SII-6-6 OPTS. 263 

MOORE ORY DOCK PLAN 9997, DETS. 2 @ 3 

SETHLEHEM STEEL CO S.B. DIV. S6TH ST. BKLYN PLAN. T-396 DET 2 & DIAG. 

GIBBS & COX, CALSHIP MCE PLAN 1-312-SII-6-4A ALT. XV DETS. SA & 6A 

& COX, DELTA MCE PLAN 1-312-SII-6-4 ALT. A DET 9 (NO DIAG.) 

JA. JONES CONST. CO. INC. PANAMA CITY (SK-SII-6 -4€ DETS 283)(2*SK-SII-6-48 DET 2) 

NUMBER 2---NO DIAGONALS, APPLIES TO TRUNKS 3,4,5,6 &7 IN UPPER DK 
(HATCHES 2,3, & 4) 

US MARITIME COMMISSION MC PLAN Z-ETI-S-C3-SI6-2-3 DET.2 


Fig. 31 
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CODE NUMBER 3~---HATCHES 2,3 & 4 IN UPPER DK Rees 


CODE NUMBER 1,2 &3 2 
rw 4 
( OK. PL. 
T 
" ! 
[ 29.3 INSERT e!! - 4 HATCH GIRDE 
WELD GROUND! e 
I 12" RAO. IN INSERT & OBL. & 
' 
DIAGONA 
OK. PL 
al, 
* 
HATCH END BEAM HATCH GOAMING 25.5 COAM. & 
= DEPTH OF SLOT To 
Sy BE TOA MIN. 
FORE & AFT 
29.3 INSERT 
29.5 INSERT 28.5 coAM. 
SECTION B-B8 SECTION A-A 
CK PL, b 
HATCH CORNER LOOKING OUTBOARD 
HATCH ENO BEAM 
MATCH GIRDER 


PERMANENTE METALS CORP. RICH. 2 PLAN RSI6-2-3-| 
30.6" DOUBLER DIAGONALS, NO INSEPT R. 


OREGON $.6. CORP. SIMILAR BUT EARLY HULLS HAD 20408 
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OK. PL. 


coamine 


CODE NUMBER 5—HATCHES 2, 3, & 4 IN UPPER D 
*U. S. MARITIME COMMISSION MC PLAN 


‘DETAILS 1 & 3 


U. S. COAST GUARD PLAN EMM 17-S11-17-1 ALTERATION “‘A”’ 
U.S. COAST GUARD PLAN M1 15-S11-17-1 DETAIL A 

THE U.S.C.G. PLANS, DETAIL A DO NOT INCLUDE 
DIAGONALS AT THE LOWER FLANGES OF THE BEAMS & 


(NOTE: 
GIRDERS) 


MOORE DRYDOCK CO. PLAN 9997 DETAILS 1 & 3 
*BETHLEHEM STEEL CO. S. B. DIV. 56TH ST. BKLYN. PLAN 


T-398 DETAIL 1 & DIAGONALS 


*ARTHUR G. BLAIR INC. PLAN DGA-95 DETAIL A & 3 

INC., PANAMA CITY (SK-S11-6-4E 
DETAILS 1 & 3 & Z-SK-S11-6-48 DETAILS 1 & 3 

(JONES PLAN SHOWS 51” DOUBLER PLACED ABOVE INSERT 


J. A. JONES CONST. CO 


PL.) 


"$1 OOUBLER 


L 


= 


» SECTION A-a 


MATCH GIRDER 


DIAGONALS 


HATCH CORNER LOOKING OUTBOARD 


K. 

EC2-S-C1-S16-2-3 

U. S 
DETAIL 1 


CODE NUMBER 6—NO DIAGONALS, APPLIES TO TRUNKS 3. j, 
5,6 & 7 IN UPPER DK. (HATCHES 2, 3 & 4) 
MARITIME COMMISSION 


OF SHIPS PLAN 017699 DOES NOT STATI 


HATCHES 1 TO 5 INC. 


* CODE NO 


Ss 
*SOME LIBERTY SHIPS HAVE NO INSERT PLATES AT THE 
HATCH CORNER 
*SOME LIBERTY SHIPS HAVE THE 51” DOUBLER ABOVE DK 
5 EXACTLY AS SHOWN 


Fig. 32—Hatch Reinforcement Code Number 5, 6 and 7 


service conditions to which the various 
groups of ships were subjected. The com- 
parison of casualty rates used in Table 7 is 
a sound method of approach provided the 
service conditions are identical and the 
number of cases are sufficient for sampling 
purposes. Failing this, the traditional 
method of judging the benefit of altera- 
tions by impressions gained in service and 
as recorded in making up this table must 
be used. Inthis connection, we know that 
the service conditions to which the ships 
with reinforced hatch corners were subject 
were more severe than those to which the 
ships with unreinforced hatch corners were 
subjected. The comparisons set forth 
above are therefore conservative. The 
effective performance of the prescribed 
hatch corner reinforcements is both grati- 
fying and reassuring. It is reassuring 
because it demonstrates that reasonable 
care and practicable designs are capable of 
easing points in the structure which are 
known to be sources of trouble. 


C. Crack Arrestors on Liberty Ships 


The crack arrestors fitted on various de- 
signs have proved very effective. They 
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were found to have stopped cracks in 17 
instances on 15 vessels which suffered 
normal structural casualties. In addition 
there have been reports on four other ships 
subjected to war and marine casualties 
where fractures occurred indirectly from 
grounding or torpedo and mine damage. 
The crack arrestors stopped eight cracks 
on these four vessels and the influence of 
the crack arrestors was questionable in the 
case of two other cracks. In the case of 
one other vessel, which ran aground off the 
coast of California, it is claimed that the 
crack arrestors were responsible for delay- 
ing the complete failure of the vessel and 
permitting sufficient time to remove the 
personnel aboard. The details of each 
case are included in Table 8. 

In no case is any crack known to have 
crossed an arrestor. 

Figure 36 was originally prepared to 
weigh the effects of reducing the length of 
the gunwale crack arrestor and shows the 
per cent of the fractures in way of arrestors 
of various lengths. 

Figures 40, 41 and 42 describe a typical 
case of an effective crack arrestor. The 
photographs were taken from the location 
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indicated by an arrow on the sketch 
The fractured specimen shown was © 
moved from the ship by the British Ad 
miralty and is available for examinatio! 
at Coast Guard Headquarters 

Many cases have been reported wher 
riveted seams and chain intermittent wel’ 
ing have been responsible for limiting th 
extent of fracture but such cases have 10 
been tabulated. 


D. Gunwale Cuts on Liberty Ship 


Thirty-two fractures occurred al the 
gunwale cut. Of these, 18 were Class } 
and 14Class2. Three of the Class |'s had 
“alterations” No. 5, a rounded gunwa' 
cut. The rest were unaltered. 


E. Serrated Bilge Keels 


There have been 17 bilge keel fra: tures. 
Sixteen of these involved bilge keels whic! 
had not been altered. Fifteen o! these 
failures were Class 2 and one was c lass 
Only one altered bilge keel failed _ 
was a Class 2 failure and the bilge keel was 
altered with Code 1 (serrated). 
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MC PLAN Z-ET1-S-C3-S16-2-5 


CODE NUMBER 7—SIMILAR BUT NO DIAGONALS 
HURLEY MARINE WORKS INC. PLAN EC2-38 DOES NOT STATE 
CORNERS TO BE REINFORCED 
NAVY DEPT. BU. 
CORNERS TO BE REINFORCED 
NORFOLK NAVY YARD PLAN AK114-S1106-297825, UPPER Dk 
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Table 8 
SUMMARY OF STRUCTURAL ALTERATIONS ON LIBERTY SHIPS !, FEBRUARY 1946 
US. OPERATED VESSELS ONLY 
IN OPERATION TYPE OF VESSEL 
TROOPSHIPS CARRIERS ORY CARGO SHIPS misc. | GRAND 
LOANED | AP | xAP | XAPK | XAM | XAK-I | XAK-@[XAK-3 [XAK-@ [xax-S | AK | xao | ao [ ix | TOTALS 
17 26: 1704 36 35 39 19 ge 
3 494 36 8 25 
3 ies 168 
4 48 48 
6 26 rT) 
6 10 20 3 it 10 
z TOTAL® 16 277 1597 ' 36 39 42 |= 2047 
1 363 ‘6 6 ? 436 
2 3 3 5 
24 24 
TOTAL® 14 24 366 ? 24 7 ' 
376 38 24 ie ase 
12 40 3 7 ee 
3 4 z 4 14 
4 10 3 26 
8 183 170 
12 
? it 13 ee 20 76? 
8 1s9 3 348 
3 TOTAL 5,6 ° 20 ° 627 ' 22 ° 29 19 20 |: 939 
TOTAL ARRESTORS* 1's 203 59! 36 6 24 10 ° ee 916 
TOTAL 1s 223 4 1418 ' 37 28 24 39 19 46 |= 1954 
\$ 
992 36 24 39 19 33 1209 
, 4, | 2 e6 67 4 2 179 
| 3 3 u 3 4 72 90 
TOTAL® 12 140 a 36 17 24 39 19 36 = 476 
: 126 4 586 36 e4 10 ess | 
2 3 us 16e 3 ees 
ATI TOTAL* 14 4 748 6 24 10 368 = we 
DK z 
rHE 
Table 9—Casualties Which Tested the Effectiveness of the Crack Arrestor 
Distance from Length of Didcrack 
Name of ship Type Date of Type of crack EC2 starting point longest leg of stop at 
casualty arrestor code to arrestor crack arrestor? 
1. Anous 8 Aug 1945 | Gunwale angle........| 1 ? | 3 oO Yes 
teh 3. Cosra Rica Vicrory.......... ee 26 Dec 1945 | Gunwale angle........|..... ? 0 3 Yes cant 
16 Dec 1945 | Sheer strake strap..... 8 0! 2 10 Yes 
Ad 1 Jan 1946 | Sheer strake strap..... 8 ? 2 8 Yes 
©. 19 Feb 1945 | Gunwale angle...... 1 ? 16 6 Yes 
Gunwale angle...... 1 ? Yes 
here EC2-S-Cl....... ...-| 8 Nov 1945 | Sheer strake strap...... 8 4 2 21 9 Yes 
weld Sheer strake strap... 8 ? 2 Yes 
th Laurance J. GALLAGHER........ EC2-6-Cl............ Dec 1945 | Gunwale angle...... 1 1 6 Yes 
e not 9 Jan 1945 | Gunwale angle... ? 29 0 Yes 
PeTerspuRGH VICTORY... .. 26 Dec 1945 | Gunwale angle........ 1 6 2 0 Yes 
Ricuarp J. Ress. ...............| L6-S-B1.............| 17 Oct 1943 | Gunwale angle and strap). . 11 0 11 Yes 
12, Rosert C. STANLEY....... ...| 10 Nov 1943 | Gunwale angle and strap)... .. 11 0 0 | Yes 
Rosert F. Stocxton.............| EC2-S-C1.... Feb 1946 | Sheer strake strap.... 8 ? 30 Yes 
Stepney W. Kearney ....| EC2-S-Cl............] 3 Feb 1946 | Sheer strake strap... .. 8 ? 5 4 Yes 
t the 29 Jan 1945 | Sheer strake strap...... 8 ? Yes 
* 
's had War and MARINE Casualties: 
nwale 1. Coum P 4 June 1945 | Sheer strake strap... . 4 6 56 11 Yes 
Sheer strake strap 8 18 6 56 11 Yes 
2.6 Sheer strake strap. . 8 ? 0 6 Yes 
EC2-S-Cl.... 21 Jam 1945 | Gunwale angie... 1 20 0 21 6 Yes 
SIENRY Bercn EC2-S-C1............]| 31 May 1944 | Gunwale angle. . 2| Port 4 0 4 | Delayed failure 
tures Deck strap....... 1] Port 2 4 and changed 
which Deck strap... 1] Stbd 2 4 cleavage to 
best 4, shear. 
t id 8 Dec 1944 | Gunwale angle...... 1 ? 56 11 Yes 
lass 5. Lo Gunwale angle...... 1 ? 56 11 Yes i 
This B. 6 Aug 1945 | Sheer strake strap..... 8 ? 17 + Yes 
was Sheer strake strap... .. 8 ? 17 + Yes 
Sheer strake strap... . 8 ? ? ? 
Sheer strake strap..... 8 ? ? ? 
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; Composite Sketch of Fractures at No. 2, No. 3 or No. 4 Hatch 


Fig. 34—Liberty Vessel 
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F Underdeck Girders on T2 Tankers 


Underdeck girders were fitted on the T2 
Tankers. These girders were not welded 
to the deck and it was expected that they 
would remain intact in the event of a 
major deck fracture. So far all of the 
major structural failures occurring since 
these girders were fitted started in the bot- 
tom. For this reason, there has never 
been an opportunity to evaluate fully their 
effectivenéss. In one case of a fire on 
board one of the vessels, the deck fractured 
ind the girders held. Full details of this 
casualty are not yet available. 


G. Bulkhead Intersections on T2 Tankers 


Various alterations have been made at 
the bulkhead intersections of the T2 
Tankers. Test data indicate that the 
changes made should relieve the trouble 
but actual casualty data are not yet avail- 
able for this report. 


Part V—Steel Quality 


Defective material might offer an easy 
explanation of the fractures but such an 
explanation would be conditional and in- 
complete. 

Samples of steel were removed from 
several of the ships which fractured, and 
forwarded to the Metallurgy Division of 
the National Bureau of Standards, where 
tests were made to determine their proper- 
ties. It was usually impossible to test the 
steel removed from the starting point of 
the fracture because this usually occurred 
in a defective weld or a design detail and 
not in the plating itself. Most of the 
plates submitted and described in Part V 
are the first plates through which the frac- 
tures progressed as they spread from the 
starting point. 


A. Routine Tests 


The material in which the fractures 
started was tested in the case of many 
ships, from which samples were taken near 
the point of origin. Thus 25 specimens 
trom the ships showed agreement with 
‘pplicable standards of yield strength, 
ultimate strength and elongation. In 
iddition, the material had passed the usual 
ispection tests with requirements for 
impling and physical properties. 

Complete certainty is not assured by 
these tests, with respect to every part of 
—- piece of steel, but we can be sure 
‘hat the fractures, which are numerous 
ind widespread in occurrence, do not result 
‘rom failure of steel to meet specifications. 
B, Notched Bar Tests 
| There ire indications that the steel is 
Ccheient in a property not covered by the 
*pecifications. In the report of the Re- 
search Advisory Committee, data are 
siven on this property in relation to notch 
minreosete 4 and the significance of this 
tnd for fracture s like those seen in the 
; i has been studied in the laboratory. 

steel samples from the ships 
the standard V-notch Charpy 
lor evaluation of energy absorption in 


notched bar. Th 
1 bar. ey a ‘ 
Group A. y are designated 


I 
n all cases, the bar was located with 


hotch perpendicular to the surface of the 
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BEEN REPORTED IN 
HATCH CORNERS RE- 
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CODES 5.6.47 


Y 
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~A 
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RACTURES LOCATED FROM PHOTOGRAPHS OR FIELD SKETCHES 
Fig. 35—Liberty Vessel; Composite Sketch of Fractures at No. 2, No. 3 or No. 4 Hatch 


Corners, Upper Deck Hatch Modification 5, 6 and 7; Maritime Commission Plan No. 
EC2-S-Cl-S16-2-3, Det. 1 and 3 


plate, and in such a manner that the notch 
orientation corresponded to that of the 
crack as it progressed through the plate. 
This resulted in placing the bar parallel to 
the direction of rolling in all cases except 
on the S.S. Sea Bass where the deck plating 
is transverse. Four bars were tested at 
each of eight or nine temperatures or about 
30 bars per plate. 

Data for the 31 plates have been aver- 
aged with respect to temperature: the 
averages are shown in the lower portion of 
Fig. 44, along with the best and the worst 
curves. The energy absorption values at 
70° F. are also indicated for each of the 
plates tested (upper left) with dotted lines 
to indicate the spread of the energy ab- 
sorption values covered by the four speci- 
mens tested at that temperature. 

Since the specifications for hull steel do 
not include notch bar tests, there was no 
standard value for comparison. For this 
reason, the Coast Guard Merchant Marine 
inspectors obtained from the shipyards’ 
stock and scrap piles numerous samples of 
'/, in. hull steel plate which were for- 
warded to the United States Naval Ship- 
yard, New York. These are Group B 
samples. In addition, the Navy had re- 
quested the steel mills to submit samples of 
plate complying with both their own and 
the American Bureau of Shipping hull 
steel specifications. These are Group C 
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samples. On Groups B and C a series of 
Charpy tests was also run, but only at 
70° F. The results are indicated on the 
plots, Fig. 44 (upper center and right). 
The spread of values was similar to that in 
Group A and has not been indicated. 

Data from Groups B and C have been 
entered in the temperature diagram on 
Fig. 44 and comparison suggests that speci- 
mens of steel in Group A (from fractured 
plates) were more notch sensitive than the 
samples from the steel mills (Group C) and 
these in turn more so than samples from 
yards (Group B). These comparisons are 
based on averages, however, and in view of 
wide dispersions, stand in need of a quan- 
titative estimate of their significance 

Even if a significant difference in notch 
sensitivity existed, it might be partially 
caused by a difference in thickness, since 
Groups B and C were '/2: in. and Group A 
averaged */, in. thick. To test this, 
similar tests were made to compare two 
plates rolled to these two thicknesses from 
the same heat of steel. The results are 
shown in Fig. 45. They suggest that if 
Groups B and C had been */, in. thick, the 
values would have been about 5 ft.-lb. less, 
and the spread between Groups A, B and 
C reduced. 

The fractured plates are thus not no- 
tably more notch sensitive than other 
plates which might have been used, though 
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PLAN VIEW OF DECK STRAP. 
1" PAN HEAD RIVETS WITH GCOUNTERSUNK POINTS. 


. RIVETS SPACED 7 EQUAL SPACES IW 30° 
SLOT , GRIND OR CHIP EDGES OF SLOT 


4 
CODE NUMBER 2 


CODE NUMBER 1 


U. S. MARITIME COMMISSION M. C 
DETAIL 8 


DELTA S. B. CO. MC PLAN S$11-6-6-A 


more precise work might establish a mod- 
erate difference. 


Chemical Analyses 


_ Chemical analyses were made on the 
'ractured plates from the ships to deter- 
mine if there was any specific trend which 
might be indicated on surveying the 
femical constituents of the plates in- 
volved in the fractures. The detailed 
nalysis of each plate so tested is included 
in Table 10. 
were conducted by the 
a States Naval Shipyard, Phila- 
delphia, and the National Bureau of 
Standards 


D. Temperature and Notch Sensitivity 
wae 44 shows that the steel in frac- 
a Plates loses the ability to absorb 
= sy in the notched condition as tem- 
perature goes down. Low temperature is 


PLAN EC2-S-C1-S11-6-6 


U.S. COAST GUARD PLAN M1 14-S11-17-1 DETAIL 8 
ARTHUR G. BLAIR INC. PLAN DGA 95 DETAIL 8 


CODE NUMBER 2 


Fig. 37—Crack Arrestor on Deck 


said to increase the notch sensitivity of the 
steel. Experience also shows that frac- 
tures in service gain in frequency at lower 
temperatures. It would be natural to ex- 
plain this as a result of increased notch 
sensitivity. 

This similarity is shown in Fig. 46 where 
the average curve for Group A from Fig. 44 
is superimposed on another curve drawn 
from the data on service fractures. This 
second curve was obtained by plotting 
ship months per fracture, the simple re- 
ciprocal of the quotient ‘‘fractures per ship 
month” in Fig. 18. When these two 
curves are brought together, it appears 
that the ships lose heavily their resistance 
to fracture and the notched bars become 
highly notch sensitive at a temperature 
which is the same for both, roughly from 
40 to 80° F. 

It has been found that many fractures 
emanate from minor discontinuities which 
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cannot be economically eliminated from 
ships under construction and from pads 
and clips welded on for various purposes 
after the vessel is in service. Protection 
against trouble resulting from such minor 
transgressions can best be provided by 
impreved steel characteristics. 


Conclusions 


1. The serious epidemic of fractures in 
the steel structure of welded merchant 
vessels has been curbed through the com- 
bined effect of the corrective measures 
taken on the structure of the ships both 
during construction and after completion, 
improvements in new designs and im- 
proved construction practices in the ship- 
yards. 

2. Fractures occur more frequently at 
lower temperatures. 

3. By far the greatest frequency of 
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Table 10—Chemical Constituents—Ship Plates Fractured in Service 


Vemel’s name 7 c P s Si Cu Ni Cr Mo | Al 
} CHAMPLAIN (port plate) . 11-29 | 3.5-4.5 | 0.23 0.32 | 0.013 | 0.035 0.04 0.03 0.02 0.03 0.003 0.002 0.017 Ti 0.002 
Vavert CHKALOV...... .| 29-36 | 10-12 | 19 39 011 035 .09 04 11 03 | .003 | .025 013 Ti .004 4 
Esso .. 42 42| .016| .025 00} 17 06 | .030) .005| Ti .003 
Harry L. GLUCKSMAN.... | .37 .39 011 00 05 .03 03 .003 .007 017 Ti .004 
Harry L. GLUCKSMAN..... ; 40 7.2 28 .40 -008 .030 .00 .05 .03 .03 003 -006 022; Ti .002 
Gorozs........ 39-47 | 8-9.5 25| .42| .05| .03| 003] .019| .042| Ti .002 
Roocer GRISWOLD.......... .20 40 .010 .042 .02 01 02 .02 .003 .002 022; Ti .003 
i Rocer GRISWOLD....... 29| 015) 03 .05 03} .003| .006/ .052| Ti .003 - 
MEACHAM......... 53 | 10 .30 46 | .007 .035 01 .03 .02 02 | .003 | 008 .008 Ti .002 
28 40} .010!| .035 05 .04 02 | 003 | 904} .041 Ti .002 
AN Man 37 | 010] 020} o1; 02 | 03} .003| .004  .053| Ti .002 
OM Henry C. WALLACE | 4 37 38 011 042 02 04 06 03 | 003 .030 009 Ti .003 
32 7 .22 39 015 030 .05 .03 04 .003 023 006 Ti .002 
CE 24 51 .035 .00 01 01 02 .003 | .013 Ti .002 
OM Wiiuam Brack YATES........... 25 37 .008 .030 01 05 .07 .03 .003 .030 015 Ti .003 
[Mu 4 Srepuen S, AusTIN 22 47 .016 027 03 01 01 01 001 004 
51 | 3.5 30 29} .029 02 03 02 02 001 004 | 
oe 55 $5 .26 46 041 .064 01 17 | .06 03 001 050 
U.S.C.G.C. Norrmann.........| 32 | 4.5 23| .50| .013| .01|.......| Trace 
U. S. C. G. C. Monawe..... 32 5 .32 |< .03 .09 03 03 |< .01 |< 002) As. .023 
Esso WitmincTon (deck). . 42 | 19 .20 46} .005| .027 .06 05 04 |< 01 |< .010 | 41,03.003 
Esso WILMINGTON strake bottom)..| 56 | 15.8 27) 89} .025| 10 |< | | 
Joun P. ALTOELD....... | 19.4 21 46} .019 .04 01 02 01 .004 
Georce CROCKER.......... 25 44) 031! 04 10; 04 07 |< .001 010 | 
A. Mmis..... 13 10 | 34} 010} .025 05 11 | .06 05 |< .001 .020 
er "45 .23 Al 007 039 02 | .04 04 03 |< .001 006 |... 
Scuenectrapy (sheer | 23 | 6 .20 39 .010 .032 .056 we Al,O,.034 
ScuenecTaby (stringer plate) | 23 | 10.5 | .24| .47] .019| .029| 044] .07]....... | 
|'68 10 .23 37 014 034 .03 .02 .04 02 |< .001 004 | 
Warrior (deck K-9, starboard) | 25 44 .013 041 .02 05 05 .03 | .007 Sn .011 
26 43 .019 .030 Trace i... 019 005 Sn .019 
Esso MANHATTAN... | 24| .45| .007| .027| 03} .10| 02] .05 010 | 
Esso MANHATTAN. . . | 21 44 012 035 .04 04 10 U4 05 010 
..| 66 17.3 21 41 006 | .028 05 25 02 02 |< .01 |< .010} 
Fracture 
Vessels name why Mo P s si Cu Ni Cr v Mo 
| idegrees F. 
0.22 0.42 | 0.034 | 0.038 0.04 0.03 0.03 0.06 |< 0.001 0.002 |. 
RicHarD J. CLEVELAND.............| 24 10.5 44 019 .034 .03 01 02 05 |< .001 .006 t 
Richarp J. CLEVELAND...... 124-34 | 7.5-10 .24 48 014 .035 05 .02 .02 03 |< .001 .006 
‘o \ CurstopHer GREENUP........ ef 8 .27 42 008 031 04 03 01 03 |< .001 .002 
. 1°30 10 26 -36 .007 036 .02 -05 .03 02 |< .001 -006 
Epwarp RUTLEDGE........... -|'60 10 27 54 053 .028 01 .28 12 11 |< .001 012 
Epwarp RuTLEDGE...... 154 10 .29 47 014 .042 .24 10 05 |< .001 
| Marxay (D strake bottom) . 153 10 .24 43 .013 .035 05 .02 03 |< .001 .002 
} Marxay (C strake 43} | .028 05 .05 02 05 |< 01 |< 01 015 | 
.27 42 015 034 | .027 | .065 .047 036 |< .005 O11 021 
Range of chemical values 
Maximum values from above 37 .053 .064 .09 .28 15 11 .050 .053 Ti .004 
| Minimum values from above 18 | .20| 005] 019] |< 002} Ti .002 
1 The specific temperature of fracture was not known for Norte: (1) Charpy values in table are for longitudinal V : 
these vessels. However, since Charpy values are available the notch specimens, with notch perpendicular to 
temperature corresponding to 10 foot-pounds energy absorp- plate surface. 5 
tion has been set down. The value 10 foot-pounds was chosen (2) The SS Maria Sanford not included in the above 4 
as it represents a figure close to the average Charpy value table sustained a fracture at 75°F and at this tem- 
obtained for the ship plates fracturing at known temperatures. perature the plate had a 5.5 foot-pounds Charpy 
Most of the (") fractures were in spring and winter. value. 
3 
fracture occurs under a combination of scriptions designed to reduce the number tribution of cargo or ballast on the tankers 
heavy seas and low temperatures. of casualties. can create high stresses more readily than 
Fi Statistically the age of the vessel has 6. The longitudinal distribution of in Liberty ships. General loading pre- 
mi — influence on the tendency ballast on the Liberty ships including those scriptions for tankers appear feasible and 
sracture. which fractured was not abnormal but this desirable. 7 
px“ i. °. The longitudinal distribution of was improved by changes in the ballasting 8. Atendency for certain ships to incur om 
IDDL! ? Ps on the Liberty ships which fractured prescriptions without interfering with repeated casualties can be measured but 
a r . abnormal and little would be operating conditions. the trend is not great 
% hed by estz iblishing cargo loading pre- 7. Inthe case of the tankers, poor dis- 9. No marked correlation between the 
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Fig. 40—S.S. Colin P. Kelly Jr. 


incidence of fracture on the ships and the 
shipyard construction practices could be 
found. However, with due allowance for 
difference in design, the ships constructed 
in yards utilizing subaverage shipyard con- 
struction practices showed a higher than 
average incidence of fracture. 

10. Steel removed from plates which 
had fractured complied with American 
Bureau of Shipping physical requirements 
for hull steel. 

11. The hatch corner modifications on 
the Liberty ships have proved effec- 
tive. 

12. The riveted crack arrestor at the 


Fig. 41—Termination of Fracture at Gunwale, Starboard 
(See Arrow Fig. 40) 


Side, S.S. Colin P. Kelly Jr. 


gunwale has been effective. Riveted shell 
seams have also been responsible for limit- 
ing the extent of fracture. No crack has 
been known to pass an arrestor. i 

13. More fractures started at notches 
occasioned by design than at notches re- 
sulting from defective workmanship. Al- 
though the relative contribution of poor 
workmanship was less, there were impor- 
tant cases where workmanship was the 
sole cause. 

14. Every fracture investigated could 
be traced to a starting point at a definite 
geometrical discontinuity involving design 
or workmanship. 
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Fig. 42—Termination of Fracture at Gunwale, 


Side, S.S. Colin P. Kelly Jr. 
Below Deck, See Fig. 39) 


Appendix 


UNITED STATES COAST GUARD 
Merchant Marine Inspection Instructions 


Chapter 4, Part I 
Material Inspection: Hulls—Construction 


4-1-1 Structural failures 


[NAVCG 2752] 

A. Report structural failures on Form 
NAVCG-2752 unless the damage is so ex. 
tensive that advantageous use can ly 
made of the large forms for Liberty ships 
and Maritime Commission _ tankers 
Supplement the report with photographs 
and large scale sketches emphasizing th 
point at which the fracture started 
Mark the sketches and photos clearly with 
ship’s name and with reference points such 
as frame numbers, strake of plate, deck or 
shell, port or starboard side, etc. Se 
figure 47A. Usearrows or lines to point out 
the fracture and particularly its starting 
point. No letter of transmittal will tx 
required in submission of the above form 
The form shall be signed by the OC M1 in the 
space provided, and shall be stamped on th 
back with the date of issue and the issuin; 
office. Any necessary remarks should tx 
typed on the back of the form. 


[Details of Failures Required] 

(1) Details regarding the starting point 
of the failure are the most important part of 
the repert because all contributing factors 
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are assembled at that point. There is a 
herringbone pattern on the edge of a frac- 
‘ured plate. The apices of the angles of 
his herringbone point toward the starting 
pont ofthefracture. B and C Fig. 47 are 
typical fractures. They show how it is 
Possible to trace a fracture back to its 
source, and how it should be marked. 
Where it is impracticable to obtain a 
‘quare view as shown in figures B and C, 
take photographs properly angled to show 
clearly the herringbone pattern on both 
sides of the Starting point. Each such 
Photograph shall include the starting 
point. Where accurate data regarding 
Circumstances Surrounding Failure’’ re- 

ape by NAVCG-2752 are not available, 
=e the spaces blank. Give best 
ormation such as date damage 
and; = or examined, ports of departure 
“ arrival, a statement as to loading, i.e., 
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either ‘‘Ballasted’’ or ‘‘Loaded’’ and 
weather, temperature, sea condition and 
other pertinent data as it is recorded in the 
ship’s log for the voyage. Where it is not 
obvious that certain of the information is 
approximate, label it as such. 


[Samples of Steel Repaired] 


(2) If steel is removed in repairing the 
fracture, two pieces about two feet square 
taken from opposite sides of the fracture 
and each including one side of the starting 
point, should be obtained. If sufficient 


scrap is not available for these sizes or close . 


approximations thereto, obtain such 
smaller samples including the starting 
point, as are available. Mark the steel 
samples with reference points. Indicate 
these reference points and the sample lo- 
cation on sketches marked in similar fash- 
ion to those on figure 47A, and then forward 
both samples and sketches to the Metal- 
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lurgy Division, National Bureau of Stand- 
ards, Washington, D. C. 


{HQ Advised of Failures of Major Im- 
portance | 


B. If a structural failure of major im- 
portance occurs on a vessel, HQ should be 
advised by dispatch immediately in order 
that a representative can examine the frac- 
ture before critical features have been de- 
stroyed in commencing repairs. 


EXHIBIT II—SUMMARY OF RE- 
SEARCH INVESTIGATIONS 
(1 MAY 1946) 


Report Research Advisory Committee 
Introduction 


As a result of structural failures in 
welded ships, numerous research investi- 
gations were started at the instigation of 
the Board convened 20 Apr. 1943 by the 
Secretary of the Navy to investigate the 
design and methods of construction of 
welded steel merchant vessels, and by 
other governmental and private agencies 
to determine the relative importance of the 
various factors thought to contribute to 
these failures. 

The several research investigations 
which have been undertaken to determine 
the cause, or causes, of failure in welded 
steel ships may be classified as follows: 


1. Design. 
2. Fabrication. 
3. Materials. 


The Board appointed a Research Ad- 
visory Committee to take cognizance of, 
coordinate and evaluate all research work 
which was considered to have a bearing on 
the problem. The following report pre- 
sents the results of the Committee’s ac- 
tivity. 


1. Design 


(a) General.—Although static struc- 
tural tests made on riveted ships prior to 
the advent of welding in shipbuilding had 
confirmed the general validity of the basic 
analytical methods used in calculating the 
stresses in the main hull girder, there were 
several factors involved which were con- 
sidered sufficiently significant to justify 
making similar experiments on welded 
ships. These factors included: the possi- 
bility that there might be a difference in 
the over-all behavior between riveted and 
welded construction as affected particu- 
larly by the differences in rigidity and 
geometry of riveted and welded joints; 
the fact that photoelastic studies showed 
appreciable stress concentration at hatch 
corners where so many cracks occurred 
on Liberty ships; and the further fact that 
modern developments of strain gages made 
possible the measurement of highly local- 
ized strains and the determination of un- 
usual stress distributions that might not 
have been discovered in previous experi- 
ments. 

The desirability of subjecting welded 
ships to the static structural test received 
further impetus from the large number of 
hull structural failures recorded particu- 
larly during the winters of 1942-43 and 
1943-44. These failures were not limited 
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*— |\OEGREES wh 
| 
Fig. 45 
to any one type of vessel, but occurred in ii. The longitudinal stresses in the side tions in ships were not possible. The 
ore carriers and tankers, as well as dry shell were proportional to the distance need for accurate determination of concen- 
cargo vessels, particularly Liberty ships from the neutral axis. trations was not as great in the riveted 
(b) Strength of the Main Hull Girder.— iii. The longitudinal stresses in the ship as in the welded ship. The mono- ; 
Outstanding examples of the static struc- deck and bottom shell were not uniform lithic character of the welded ship resulting 
tural tests carried out on rivited ships were but the mean value closely approximated from the method of fabrication can pro : 
those of the Wolf*> ' Cuyama,*? Preston and the theoretical nominal stress. The duce joints, particularly at structural dis- : 
Bruce.’ These ships were all of the naval causes of these nonuniformities were vari- continuities, that have high stress con- om 
destroyer type with the exception of the ations in restraint and shirking of load centrations and severe restraint, thereby ~ Bae 
Cuyama which was a Navy tanker. None caused by buckling of the plating. tending to inhibit plastic flow. This con- ae 
of these vessels had a structure comparable iv. A torsional moment applied to a dition did not exist generally in the riveted : 
-—- to that of the usual merchant cargo vessel, Liberty ship produced only negligible ship. The danger of high concentrations y 
' ind all except the Cuyama were of rela- stresses. The applied torque was approxi- at points of structural discontinuities in the F 
tively light scantlings with thin plating. mately twice the value believed to be en welded ship is further aggravated by weld- 
‘\o similar data appeared to be available countered at sea.’ ing usually present at such points. Weld- 
lor vessels of the merchant type. v. Tests on ore carriers where a welded ing produces a complex metallurgical con- ; 
In the investigation to determine the and a riveted structure were present in dition which is supplemented by the exist- , 
j Structural behavior of welded ships, at each ship indicated a similar stress dis ence of locked-in stresses and this is fre- 
least a dozen vessels of several types have tribution in the two types of structure. quently further aggravated by additional 
been subjected to the static structural test. vi. A test showed that the Liberty ship discontinuities in the form of defects in the y 
Among the vessels thus tested were the deck house contributed very little to the weld. That stress concentrations of 
Ureat Lakes ore carriers Cadillac, John over-all hull strength. dangerous magnitude actually exist at é 
hinson, Champlain, Frank Purnell,' (c) Hull Structural Details. —For opera structural discontinuities in welded ships 
. Liberty ship Philip Schuyler® and the tional reasons, it is necessary to intro- has been amply demonstrated by the 
5 Tanker Shiloh. duce into the ship’s hull numerous open- numerous fractures that started at such 
, These Static structural tests of welded ings, erections, foundations,etc. Atevery points, e.g., hatch corners, sheer strake w 
re under known bending loads, particu- point where such a structural discontinuity cut-outs, defective welds, etc., and fre- 
"Py that of the Philip Schuyler,’ have is introduced, uniform straining of the ma- quently propagated through the hull struc- ud 
yle ded the following important results: terial under a bending load is interrupted ture, thereby endangering the _ ship. 
1 Pm internal resisting moment com- and concentrations result. Based on these considerations, the need for 
F rom measured strains agreed with nti short base length (less than determining experimentally the magnitude 
the applied t nti the short ba I 
“pphed bending moment. 1 in.) strain gage became available, experi- of concentrations at structural discontinu- 
* Reference number listed in Bibliography. mental measurements of strain concentra- ities in welded ships and studying how 
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these concentrations might be reduced be- 
came increasingly apparent. 

The static structural tests of the Liberty 
ship Philip Schuyler’ and the T2 Tankers 
Ventura Hills,’ Fort Mifflin® and Antelope 
Hilis*® included measurements to evaluate 
concentrations. Most of the data on con- 
centrations were obtained through the use 
of short base length electric strain gages at 
almost the very point of maximum con- 
centration. Some important results re- 
garding concentrations were as follows: 

i. Stress measurements made in the 
plane of the deck 2 in. forward or aft and 
2 in. outboard on the Liberty ship square 
hatch corner gave stress concentration 
factors not exceeding 2.0 with transverse 
stresses equal to about one-quarter of the 
principal value. Stress concentration fac- 
tors on the fillet weld inside the square 
hatch corner at deck level were approxi- 
mately 3.0. 

ii. Stress concentration factors at the 
inside radius of the rounded hatch corners 
of a Liberty ship at deck level were of the 
order of 2.0. (A stress concentration of 
3.4 was found in a similar corner at sea 
under dynamic conditions.) 

iii. Under an alternating bending mo- 
ment of low amplitude, the elastic strain 
concentration factors at the inside of the 
Liberty ship hatch openings at deck level 


were practically independent of the type 
of corner reinforcement and were of the 
order of 2.5. Approximately the same 
strain concentration was recorded when 
the maximum hogging bending moment 
was relaxed in the static test. 

iv. The concentration factors given in 
paragraphs i, ii and iii, above refer to 
elastic conditions. Stress concentration 
factors are used except in cases where the 
transverse strains were not measured, thus 
making it impossible to convert strain to 
stress, in which cases strain concentrations 
are used. When plastic deformations 
occur, the ratio of peak to average strain 
may have quite a different value. The 
behavior of typical structural details under 
plastic conditions needs much more ex- 
tended study, but it appears that the main 
superiority of rounded over square hatch 
corners lies in their capacity for distribu- 
ting the plastic action over a greater extent 
of metal, thereby reducing the local peak 
values of strain. (The rounded corners 
also have a similar distributing action in 
the elastic range.) 

v. Measurements made at a point 31/, 
in. away from the round hatch openings in 
the deck of a T2 Tanker, gave a stress con- 
centration factor of approximately 2.0. 

vi. Appreciable stresses have been 
found in the material not normally con- 


sidered part of the main hull strength 
girder such as the plating between hatches, 
hatch coamings and deck houses. These 
stresses reached values equal to those iy 
the main hull girder immediately adjacent 
to the line of attachment. 

vii. Inthe case of the superstructure of 
the T2 tankers, the stresses at various 
points in the fashion plate at the after end 
of the mid-ship deck house were compar. 
able in magnitude to the stresses in the 
main deck amidships. 

viii. Longitudinal stresses in the hatch 
coaming of the order of those in the 
strength deck were found near the ends of 
the hatch coaming on a Liberty ship and 
on an ore carrier. 

ix. On the longitudinal bulkheads of 
the T2 tankers points of stress concentra- 
tion existed where the center portion of 
the sloping faces of the corrugated bulk 
heads crossed the web of their vertical 
T-bars. Strains were measured 2 in 
away from the intersection in question 
A stress concentration factor of 2.0 was 
found, relative to thé stress computed by 
analytical methods. Reinforcing bracket 
tried on one installation to relieve this con- 
dition indicated that the brackets reduced 
the stress intensity by approximately 40° 
Transition plates tapering the bottom 
corrugation into the line of the web re 
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A 


WEATHER DECK OF S.S. SEA BASS AS 
VIEWED FROM ABOVE SHOWING FRAC~ 
TURE FROM THE AFTER PORT CORNER 
OF NO 3 HATCH. 
NOTE: LOCATIONS MAY BE MARKED EITHER 
BEFORE OR AFTER TAKING PHOTOGRAPHS. 


FRACTURED 5SI* DECK PLATE FROM FIGURE 2 SHOWING POORLY FUSED 
WELD IN UPPER FLANGE OF LONGITUDINAL HATCH SIDE GIRDER. 


duced the stress intensity at the lowest 


point of concentration by approximately 
OF 
/p. 


2. Fabrication 


(a) Residual Welding Stresses.—Re- 
sidual welding stresses are defined as the 
welding stresses produced in unrestrained 
members. 

It was the considered opinion of the 
majority of technical shipbuilding person- 
nel in the spring of 1943 that a prime factor 
causing the failure of welded ships was the 

| “Xistence of stresses locked in the hull 
Structure, particularly in the welds and 
adjacent material. This opinion was 
based on the occurrence of cracks in welds 
made under high restraint and when the 
Proper sequence had not been followed. 
ier Cause of these cracks was believed to 
be high residual stresses resulting from the 
welding operation. It was also believed 
that such high residual stresses were pres- 
fat to a degree in all welds and when they 
were combined with the working stresses 
oo ship, hull fractures resulted. For 

~~ Feason, it was considered highly im- 
a that a prescribed welding sequence 

bs followed in order to avoid, or at least 
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STARTING POINT IN WELD —————> 


PLATE. 
STRINGER PLATE 


FRACTURE OF S.S. 
SCHENECTADY SHOWING START 
ING POINT AT END OF FASHION 


Fig. 47 i 


minimize, residual stresses. In conse- 
quence, when this research program was 
started, emphasis was placed on a study of 
welding stresses. 

In the investigation to determine the 
magnitude and distribution of residual 
stresses in typical ship weldments and 
actual ship subassemblies, a method of 
relaxing steel plugs, with and without 
welds, to which were affixed resistance wire 
strain gages was developed. Weldments 
consisting of 1-in. thick ship plates ranging 
in size from panels 4 x 6 ft. to ship sub- 
assemblies 27 x 57 ft. were investi- 
The magnitude and distribu- 
tion of residual stresses were determined as 
a function of such variables as: manual 
and submerged melt welding;'* welding 
sequences ;!2~ electrode re- 
straint and '/;-in. plates were 
also investigated) preheat 
peening;'*» mechanical loading along a 
butt weld;!* and controlled low tempera- 
ture stress relief.*» 5 Some salient results 
from these investigations were: 

i. The magnitude and general pattern 
of the residual welding stresses existing in 
very large weldments (up to 27 x 57 ft.) 
can be obtained in panels as small as 4 x 
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6 ft. These stresses were sufficiently re- 
producible either in Unionmelt or manual 
welding to enable significant effects of 
different controlled variables to be deter- 
mined. In butt welds of free subassem- 
blies, the longitudinal residual stresses 
along the center line of the weld reached a 
magnitude of approximately 47,000 psi. in 
tension throughout the length of the weld 
except in the 9 in. adjacent to each end 
where they decreased to zero at the ends. 
The transverse residual stresses were low 
tension (usually less than 10,000 psi.) ex- 
cept near the ends of the weld where they 
changed to compression, reaching values 
of from 20,000 to 30,000 psi. at the very 
ends 

ii. Residual stresses in the welds of 


free subassemblies were generally not 


affected by the welding procedure or as- 
sembly sequence used. The above must 
not be construed to mean that proper weld- 
ing and erection sequences are not impor- 
tant in fabrication as serious difficulties 


with weld cracking and distortion may 


occur if these are disregarded. 

iii. It has been found that residual 
welding stresses can be relieved by the 
application of external load causing plastic 
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flow of the weld metal and adjacent area. 
The same effect may be obtained in simple 
butt-welded joints with the plastic flow 
produced by thermal rather than mechani- 
cal methods; the effectiveness of this proc- 
ess in reducing the stress in complex 
joints has not so far been demonstrated. 

iv. Peening the last pass of the welds 
will materially reduce the magnitude of 
residual welding stresses. On the basis of 
investigations performed, it does not ap- 
pear that peening other passes than the 
last will effect reductions of final residual 
stresses. However, general experience has 
shown that peening intermediate and root 
passes is helpful in preventing weld crack- 
ing and in controlling distortion. 

v. Preheating ship steel up to 375° F. 
does not reduce residual welding stresses 
significantly. 

(b) Locked-in Stresses.—Locked-in 
stresses include residual welding stresses 
and the stresses resulting from other fabri- 
cation and assembly processes. 

As a result of the fabrication of ships by 
welding, it was believed that high stresses 
could be locked into the structure gener- 
ally. It was suggested that this was due 
to temperature differences existing when 
subassemblies were joined to the hull 
structure and/or to abnormal assembly se- 
quences. The occasional ship containing 
such high locked-in stresses was then 
thought to present a case of potential 
structural failure. Accordingly, a_re- 
search program was initiated to investi- 
gate locked-in stresses in the decks of a 
large number of ships. 

The above program included: stress 
determinations in the decks of recently 
completed Liberty ships and several that 
had been in service ;?**: 2%. 2% the history 
of the changes of the locked-in stresses 
starting from completed deck subassem- 
blies and tracing these stresses through 
construction, launching, outfitting, load- 
ing, as well as during the first voyage of 
two Liberty ships;** the effect of the static 
structural test on the locked-in stresses in 
three type T2 tankers;%-% the stress 
effects due to temperature gradients 
through the hull structure;” the magni- 
tude and distribution of locked-in stresses 
in the decks of 21 Victory ships con- 
structed in three Pacific Coast yards ;* the 
stresses produced by welding a large hot 
deck subassembly into a cooler hull struc- 
ture;*® and the use of X-ray diffraction 
measurements for determining stresses in 
hot rolled plate.” Some important re- 
sults of these studies were: 

i. Stresses at selected points in the deck 
welds of completed Liberty ships* were 
determined.f Longitudinally along the 
welds, these stresses were tensile and 
ranged from 20,000 to 50,000 psi. with an 
average value of 36,000 psi. Stresses 
transverse to the welds reached a maxi- 
mum value of 11,000 psi. in tension with 
an average value very close to zero. It 
was also determined that the stresses were 
not reduced appreciably service. 
Therefore, it was concluded that high 
locked-in stresses were present in all 


* The computed tensile deck stresses resulting 
from the existing bending moments were essen- 
tially the same in all tests and ranged from 2200 
to 4700 psi. with an average value of 3400 psi. 

t It should be noted that it is impossible with 
present strain gage techniques to determine 
locked-in stresses at structural discontinuities, 
e.g., hatch corners. 
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welded ships. It was also concluded that 
locked-in stresses did not contribute ma- 
terially to the failure of welded ships. 

ii. The locked-in stresses in the fore 
and aft direction at selected points (away 
from welds) in the deck area abreast of 
No. 3 hatch of completed Liberty and 
Victory ships were found to be generally 
compressive. The ships having riveted 
gunwales had higher compressive stresses 
than those having welded gunwales. In 
the Victory ships these locked-in stresses 
ranged from 8800 psi. in tension to 16,600 
psi. in compression. Locked-in stresses 
near the gunwale of completed Victory 
ships were generally tensile and reached a 
maximum value of 5900 psi. Higher 
values of locked-in tensile stresses were 
observed at other locations in the deck. 

iii. Welding a large section (14 x 55 ft.) 
into the deck of a Liberty ship with no tem- 
perature difference between the section 
and the deck resulted in a general increase 
in stress of about 5000 psi. Welding a 
large section (14 x 55 ft.) into the deck of a 
Liberty ship with the section approxi- 
mately 75° F. warmer than the deck re- 
sulted in a maximum increase of 15,000 
psi. These experiments were conducted 
using an unorthodox welding sequence se- 
lected to produce high stresses. The 
initial locked-in deck stresses (based on an 
estimated tensile deck stress resulting from 
the bending moment) determined at se- 
lected points abreast of No. 3 hatch ranged 
from 700 psi. in tension to 6700 psi. in com- 
pression. 

(c) Additional Aspects of Welding.— 
Large welded structures have been fabri- 
cated and tested, and the effect of such 
variables as electrodes, preheat and post- 
heat wasstudied. A detailed discussion is 
included in the section covering ‘‘ma- 
terials.”’ 

An investigation of the cracking ten- 
dency of commercial E-6010 electrodes de- 
posited under high restraint disclosed con- 
siderable variation within the applicable 
specifications.” 


3. Materials 


(a) Fundamental Factors Affecting Steel 
Behavior.—The incidence of serious fail- 
ures of large welded steel structures both 
during service and in construction has re- 
sulted in the need for a better understand- 
ing of the fundamental factors affecting 
steel performance. Lack of reliable in- 
formation in this field has led designers to 
overdesign in the interest of safety, a pro- 
cedure which in many cases enhances the 
possibility of failure. 

At the present time the mechanism of 
metal fracture is not well understood.*?: ** 
Since some plastic deformation, even 
though highly localized, usually precedes 
fracture even in the case of cleavage or so- 
called ‘“‘brittle’’ fractures of structures, a 
full understanding of the phenomenon of 
flow is essential in considering the fracture 
problem. Perhaps the best theory yet 
formulated involves the concepts of resist- 
ance to flow and resistance to fracture ;** 
the theory postulates that if the stress re- 
quired for fracture is greater than that re- 
quired for flow, plastic deformation will 
occur; conversely, if the stress required 
for flow is greater than that required for 
fracture, rupture will take place. Flow 
may terminate in either shear or cleavage 
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separation with the former characterized 
by high ductility, a fibrous or silky appear. 
ing fracture generally at 45° to the direc. 
tion of applied load, and high energy ab- 
sorption; and the latter by relatively low 
ductility, a granular or crystalline appear- 
ing fracture generally normal to the direc- 
tion of applied load and in most cases low 
energy absorption. Cleavage fracture 
may occur, and often does, after appre- 
ciable flow; the term refers to a mode of 
separation and is not intended to apply 
only to completely brittle fracture without 
measurable deformation, although this 
case is obviously included. 

It is to be emphasized that resistance to 
flow and resistance to fracture are ex- 
tremely complex quantities influenced by 
a number of factors, the interrelationship 
of which is at present unknown. 

The principal factors which must be con- 
sidered in attempts to explain the low 
ductility (notch sensitivity) of structures 
fabricated from medium steel of the typx 
used in ship construction may be con 
veniently listed as follows: 


State of Stress—Constraint 
Temperature 
Velocity—Strain Rate 
Metallurgy 


Factors influencing the state of stress 
are: 


1. Configuration of the structure, 

2. Size of the structure, 

3. The presence of discontinuities, i.e., 
notches incidental to the struc- 
ture, 

4. Locked-in stresses, 

5. System of applied loads—static or 
dynamic. 

Combinations of these factors which 
produce a high degree of restraint art 
usually associated with low. ductility 
Lowering the temperature for a given set 
of conditions increases the probability for 
brittle fracture. Increasing the strain rat 
for a given set of conditions has been 
found to increase the tendency for britt! 
fracture. Recent studies have indicated « 
probable relationship between temperature 
and strain rate.*, 

The phenomena listed above may b 
classified under the general heading “m« 
chanical.” 

The following factors may be considered 
under the general heading ‘‘metallurgy 


1. Prior deformation and_ resulting 
stress and stfain anisotropy, 

2. Cyclic loading—fatigue, 

3. Composition: 

(a) Structure—grain size and te 
distribution and size of dis 
perse phases, 

(b) Solid solution efiects includ 
ing those produced by gases, 

4. Precipitation phenomena uch 
strain aging, 
5. Corrosion effects. 


The metallurgical and mechanic i fac- 
tors must be considered together in at 
tempting to explain the sudden failure . 
large structures. The complexity 0! the 
situation becomes evident when all of the 
above variables are considered 
bination. 

(b) Experimental Investigations and “a 
sults.—Based in part on the results of the 
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investigations dealing with welding 
stresses, it became apparent that these 
stresses were not the important factors 
contributing to structural failures. In 
consequence, it was evident that the re- 
search investigations should cover other 
phases of the problem. 

A random selection of a substantial num- 
ber of steel samples was made from the 
stock and scrap piles of shipyards con- 
structing merchant vessels. In addition 
numerous samples were submitted by 
steel mills from heats rolled to ABS and 
USN specifications. One thousand five 
hundred eighty-eight tensile tests from 
these samples showed that the physical 
properties of practically all the steel tested 
fell within the permissible range set forth 
in the specification standards. These 
tests, however, do not take cognizance of 
the selection methods set forth in the 
specification and all of the steel may there- 
fore be considered to be in satisfactory 
compliance with the specification stand- 
urds. 

Upon review of the brittle character- 
istics of the fractured material removed 
from ships that had failed, questions re- 
garding the stress conditions to which this 
material has been subjected were raised. 
It was felt that the hull steel must have 
been subjected to a complex multiaxial 
state of stress since shear flow had been 
inhibited as manifested by the low degree 
of ductility in way of the fracture. When 
steel samples removed from areas close to 
these fractures were subjected to the stand- 
ard tensile tests, they exhibited satisfac- 
tory strength and ductility. 

Large welded and unwelded medium 
teel flat plates and welded joints simulat- 
ing the gunwale connection of ships have 
been tested in tension. Such specimens 
have exhibited tensile strengths equal to 
r slightly higher than coupon values for 
the same steels with moderate reductions 
in ductility..7-%* These tests also indi- 
ated that cleavage fractures could be pre- 
ceded by considerable plastic deformation. 

As a result of the above investigations, 
i became apparent that it was not possible 
to reproduce ship failures by uniaxially 
loading large welded tensile specimens free 
‘rom stress raisers. Therefore, an experi- 
mental program involving uniform biaxial 
loading was initiated. Tubes with and 
without welds were subjected to biaxial 
‘ensile loads at various temperatures. “4 
these tubes contained no mechanical 
Two sizes of tubes made from 
same heat of semikilled steel were 


‘ested and the following results have been 
obtained . 
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notches 
the 


| At room temperature it was found 
‘hat the smaller tubes (31/, in. diameter x 
Ra wall) predicted generally the be- 
‘Avior of larger tubes (20 in. in diameter x 
in. wall), but at low temperature 
40° F.) this was not the case. 
The larger tubes (all of which were 
ded) tested at low temperature showed 
— reduction in strength and ducility 
‘en compared with results from the 
—— tensile test. This lack of duc- 
‘t ~40° F. was comparable to that 
‘ound in fractured ships. 
tube, furnace treated at 
“. alter welding and tested at 
, Showed a significant increase in 
‘nd ductility over a similar tube 


tested at the same stress ratio and tem- 
perature but mot heat treated after weld- 
ing. 

Supplementing the investigation on the 
large tubes and, in part, to explain cer- 
tain experimental difficulties of this in- 
vestigation, a test program was started 
involving the static bending of flat plates 
at various temperatures with and without 
longitudinal weld bead 
These plates were approximately 10 in. 
square and */, in. thick. Identical steel 
plates having various types of electrode 
deposits were tested. In all cases a com- 
parison between welded and unwelded 
plates tested at low temperatures showed 
that the ductility of welded specimens 
was decreased significantly. 

When additional information became 
available through the cumulative record, 
particularly from the serious structural 
failures of welded ships, it became in- 
creasingly evident that the common origin 
of the fractures was in defective welds 
and structural discontinuities in the hull, 
such as hatch corners, sheer strake cut- 
outs, etc. These fractures propagated 
rapidly through the plates of the hull 
structure with little or no evidence of 
ductility. The fractures were of the 
cleavage type. Deck failures have oc- 
curred when the computed nominal 
stresses were well below the yield point 
of the material as determined by the usual 
tensile test. 

It was therefore decided to investigate 
factors contributing to the brittle cleavage 
failure of large structures that contained 
stress raisers. This was accomplished 
through a study of the load-carrying ca- 
pacity and ductility of large plates (*/, in. 
thick x 72 in. wide) containing a central 
transverse notch, when tested to failure 
at various temperatures.“~* A number 
of different medium carbon steels, includ- 
ing rimmed, semikilled and fully killed 
types, falling within present ship steel 
specifications (USN and ABS) were in- 
vestigated. Through the use of such large 
specimens it was expected that the type 
of fracture obtained in ships could be re- 
produced in the laboratory. Furthermore, 
it was desired to determine the differences 
in behavior of the several steels when 
tested in large specimens and to relate this 
behavior to smaller specimens (such as 
notched bar impact tests) of the same steel. 
In addition, it was expected that these in- 
vestigations would produce results that 
could be applied toward modifying present 
ship steel specifications to insure material 
best suited for welded fabrication and safe 
ship operation. At the present writing, 
these investigations are still in progress. 
Based on the work completed, the follow- 
ing results appear significant: 

i. Wide (72-in.), centrally notched 
specimens of #/,-in. ship plate tested 
statically at temperatures ranging from 
—40 to +110° F. have failed at nominal 
stresses on the net section approximating 
the yield point of these steels as deter- 
mined from the standard tensile test. 
These stresses were essentially the same 
whether the fracture occurred by shear or 
cleavage. The cleavage fractures, par- 
ticularly those at the lower temperatures, 
exhibited low ductility comparable to that 
observed in ship failures. 

ii. The transition temperature at which 
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the mode of fracture changed from shear to 
cleavage in these speciments (+20 to 
+110° F.) was determined to be within 
the temperature range in which ships 
operate. The change from shear to cleav- 
age was associated with a very large re- 
duction in the ability of the specimen to 
absorb energy. 

iii. Generally the types of steel were 
discriminated as to transition temperature 
in the same order in the large internally 
notched plate tests as predicted by the 
notched bar impact tests; however, the 
transition for the large plates occurred at 
much higher temperatures. 

In conjunction with the tests of centrally 
notched flat plates, a related study of a 
large welded structural specimen closely 
patterned after a ship hatch corner was 
made.*®. 5 Due to its geometry, this 
specimen had a high degree of restraint 
and a severe notch condition. 

The purpose of this test was to investi- 
gate the behavior of a welded structure 
containing a structural discontinuity and 
also to study the effects of variations in 
steel and welding procedure. In this man- 
ner it was expected that the structural be- 
havior of a welded component constituting 
an important part of the ship’s hull could 
be evaluated. It was also proposed to 
compare similar hatch corners fabricated 
by riveting as well as by welding. 

Although this investigation is still in- 
complete, at the present writing the follow- 
ing results have been obtained and appear 
significant: 

i. It has been possible to load these 
hatch corners specimens in tension so as to 
produce an elastic stress distribution 
closely approximating that found in a 
Liberty ship. 

ii. On the basis of a single specimen de- 
sign which has a high degree of restraint 
and a severe notch condition, the type of 
steel, testing temperature (32 to 120° F.) 
and type of welding electrode (E6020, 
HTS, Austenitic 25Cr-—20Ni) had little ef- 
fect on the nominal breaking strength of 
the specimen (23,000 to 27,800 psi.). The 
energy absorbed by a specimen failing 
with shear fracture was greater than that 
for a specimen failing by cleavage. 

iii. All hatch corner specimens tested 
at 32° F. failed by cleavage. Rimmed, 
semikilled and fully killed medium carbon 
steels were included in these tests. 

iv. Two hatch corner’ specimens 
welded with a 400° F. preheat have been 
tested. One failed at a nominal breaking 
stess of 32,600 psi., while the other failed 
at nominal stress of 32,800 psi. An identi- 
cal specimen but welded without preheat 
failed at a mominal breaking stress of 
24,000 psi. All specimens failed by cleav- 
age when tested at 70° F. The energy 
absorbed by the preheated specimens was 
very much greater than that absorbed by 
the specimen that was not preheated. 
This confirmed data obtained on small 
specimen tests. 

v. Two riveted specimens, fabricated 
using semikilled steel and having the same 
basic design as the welded specimens, have 
been tested at 70° F. One failed at 
nominal breaking stress of 20,900 psi. 
while the other failed at a nominal stress 
of 20,600 psi. Both specimens failed 
with cleavage fractures. The energy ab- 
sorption of these specimens was very much 
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less than that of a welded hatch corner 
specimen fabricated from the same steel 
and tested at the same temperature. 

A research project has been initiated to 
correlate the results of the large centrally 
notched plate investigation and the hatch 
corner studies with small laboratory 
tests.5?. 53 This investigation was initiated 
with the expectation that it could be dem- 
onstrated that such tests could be used to 
predict the behavior of large fabricated 
structures. It should be pointed out that 
the development of a laboratory test for 
this purpose may be of significance in the 
establishment of improved specifications 
for ship steel. So far this investigation has 
yielded the following important results: 

i. The discrimination of the steels on 
the basis of transition temperature using 
the standard notched bar impact tests 
has approximated that obtained in the 
large internally notched flat plate tests, 
but a much lower temperatures for the 
small specimens. 

ii. Notched bar impact tests on 
rimmed, semikilled and fully killed types of 
ship steel have shown that the transition 
from ductile to brittle behavior occurs at a 
relatively low temperature for fully killed 
steel, at a temperture as high as 90° F. 
for some heats of rimmed steel, and at 
intermediate temperatures for semikilled 
types. However, some semikilled steels 
also had high transition temperatures and 
correspondingly greater notch sensitivity. 
(Notch sensitivity may be defined as the 
property of a material which reflects its 
reluctance to absorb energy in the presence 
of notches and other strain inhibitors, such 
as low temperature and high rates of 
strain.) 

An additional study, involving the steels 
mentioned above in which an explosive was 
statically detonated in direct contact with 
welded or unwelded plates, has provided a 
method for determining the behavior of 
specimens under high strain rates and a 
complex state of stress.54 Preliminary re- 
sults from this test were as follows: 

i. Explosion tests have discriminated 
unwelded shipbuilding and high-tensile 
steels in the same general order as pre- 
dicted by the notched bar impact tests 
and large internally notched flat plate 
specimens. 

ii. Welded joints have shown a signi- 
ficantly lower energy absorption and extent 
of deformation when compared to un- 
welded plates of the same steel. It 
should be noted that these results correlate 
with the results obtained in the static weld 
bead bend tests at low temperatures re- 
ferred to previously. 

Other investigations of welded struc- 
tures include a’study of a highly restrained 
fabricated box girder and that of butt- 
welded I-beams. These structures are 
being tested in flexure. The box girders 
made from 1'/,-in. thick plates are being 
investigated to determine the effect of high 
restraint and residual stresses on the physi- 
cal behavior of such structures. The 
butt-welded I-beams are being tested to 
determine differences in performance when 
tested under dynamic and static condi- 
tions. No broad observations can be 
drawn from these investigations as yet. 

On a number of ships, hairline cracks 
have been observed in the vicinity of the 
hatch corners. Due to the stress concen- 
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tration occasioned by the hatch corner 
discontinuity, it appeared reasonable that 
these could have been fatigure cracks 
caused by the cyclic loads to which a ship 
had been subjected in service. Upon sub- 
sequent loadings having higher stress 
amplitudes and increased strain rates oc- 
casioned by rough seas, it was expected 
that such a hairline crack might act as a 
trigger to start a fracture propagating 
through the structure particularly at low 
temperature. Welded ships have suffered 
structural failures after only a short period 
of sea service or with no service at all. 
However, it appeared that fatigue might 
in some cases be a contributing factor to 
failure. 

A research project was initiated to de- 
termine the effect of cyclic loading on the 
behavior of ship steel specimens contain- 
ing longitudinal welds and cut-outs with 
and without welded reinforcement plates 
and doublers.™ As yet no significant con- 
clusions can be drawn from this work. 

In order to verify the hypothesis stated 
above relative to the propagation through 
the ship structure of fractures that origi- 
nate in fatigue cracks, it was decided to 
initiate an investigation involving a study 
of the fatigue behavior of specimens con- 
taining severe stress raisers. These 
specimens were 12 in. wide x */, in. thick 
and were made from rimmed steel and 
normalized fully killed steel. The speci- 
mens were centrally notched in a direction 
transverse to loading. The configuration 
of the notch was identical to that used in 
the large static tension test previously 
mentioned. Specimens were tested at 
various temperatures ranging from —40 
to +120° F. Asan index of performance, 
it was decided to use the number of cycles 
required to propagate a crack beyond the 
root of the initial notch approximately 0.6 
in. in each direction. All specimens were 
subjected to an alternating load giving a 
nominal stress of 16,000 psi. in tension to 
16,000 psi. in compression on the net sec- 
tion. The following results from this in- 
vestigation appeared significant: 

i. The testing temperature had no ap- 
preciable effect upon the fatigue life of 
any of the steels tested. 

ii. The fatigue life was approximately 
twice as long for the normalized plates of 
killed steel as for the rimmed as-rolled 
steel specimens. 

Other cyclic loading tests involving 
combined stresses have yielded results 
which do not appear conclusive. 


4. Conclusions 


The following conclusions have been 
drawn on the basis of the available data. 
Additional data which are expected from 
research still continuing may necessitate 
revision or modification of some of these 
conclusions: 

1. The brittle fractures in welded ships 
result from a combination of the following 
causes: stress raisers occasioned by poor 
design or workmanship; steel susceptible 
to low ductility fracture when subjected to 
conditions involving three dimensional 
constraint, particularly at low tempera- 
ture; i.e., notch sensitive steel. Neither 
factor is alone responsible for all failures, 
but when an adverse combination of the 
two occurs, the ship may be unable to 
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resist the bending moments of norma] 
service. 

2. Fractures in large welded and un. 
welded ship plate specimens containing 
stress raisers comparable to those found in 
ships have occurred at nominal stress 
values as low as 20,000 psi. The noming! 
breaking stress has been found to be es. 
sentially the same irrespective as to 
whether failure occurred with high or low 
ductility. 

3. Tests of large welded and unwelded 
ship plate specimens containing stress 
raisers comparable to those found in ships 
have failed in a brittle manner within the 
temperature range in which ships operate 
These specimens were made of rimmed, 
semikilled and fully killed medium carbon 
steels, furnished to meet existing ship plat: 
specifications. - The ductilities obtained in 
the laboratory tests were of the same order 
of magnitude as those measured in frac- 
tured ships. 

4, Existing ship plate specifications ar 
not sufficiently selective to provide ma- 
terial that reasonaly precludes the occur- 
rence of brittle fracture on welded struc 
tures. The material supplied in ship con- 
struction during this program complies 
with the existing specifications for shi; 
steel. 

5. Evidence exists which indicates that 
the structural performance of welded 
joints in ship steel, particularly under con- 
ditions involving three dimensional r 
straint and low temperature is greatly im- 
proved by forms of heat treatment. 

6. Static structural tests of welded 
ships of various designs have corroborated 
earlier experiments with riveted ships and 
confirmed the validity of the basi 
analytical method used in calculating 
nominal stresses under a known bending 
load in the main hull girder. 

7. Indiscontinuities like hatch corners, 
rounded details are superior to those show- 
ing acute notching. This is mainly at 
tributed to the wider distribution of plast« 
deformation which occurs in rounded 
corners in the early stages of heavy loa‘: 
ing. 

8. Considerable accumulated evidence 
and test data indicate that locked- 
stresses do not contribute materially ‘o 
failure of welded structures. 

9. Locked-in stresses in the decks 0! 
completed vessels are not appreciably re 
duced by service. 

10. Welding sequence in general has 10 
effect upon the magnitude of residual 
stresses in free subassemblies. 


§, Recommendations for Proposed Fulw 
Work 


The Research Advisory Committee 
recommends the following further invest’ 
gations: 

(a) The Study of Shipbuilding Ve 
terials. —The work in this field may be “ 
vided into groups as follows: i 

i. Further studies of the effect of wel 
ing on the structural performam™ of ship 
steel. It is proposed to study the be 
havior of welded joints ; suchas bu‘ t- elded 
flat plates, double fillet welded tee aap 
mens, etc., under multiaxial 
various temperatures and strain mat 
This investigation is proposed since 
containing a welded joint hav: 
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and extent of deformation when compared 
to unwelded plates of the same steel. By 
means of these tests, it is expected to study 
such variables as steels; electrodes; heat 
treatment and mechanical stress relieving. 
It is anticipated that a _ considerable 
amount of effort must be expended in de- 
veloping satisfactory specimens and test- 
ing procedures which must show correla- 
tion with the performance of full scale 
structures. (See section 5 (ii), below.) 

ii. Further studies of the fundamental 
factors affecting flow and fracture of 
metals. It appears highly desirable that 
more information be made available rela- 
tive to the conditions that obtain when 
cleavage and shear fractures occur in 
metals, particularly the conditions neces- 
sary to cause a change in the mode of 
fracture from shear to cleavage. (See 3a 
above.) This work will assist in the 
understanding of the basic phenomena 
underlying the failure of materials in 
structures and will aid in their intelligent 
utilization. 

iii. Further study to obtain practical 
tests which can be used to procure ma- 
terial satisfactory for the fabrication of 
welded structures. Present tests for 
evaluating the notch sensitivity of the ma- 
terials are capable of selecting satisfactory 
steel and electrodes but not for procure- 
ment in commercial quantities. 

(b) The Study of the Ship’s Structure.— 
The work in this field may be divided into 
groups as follows: 

i. A study of ships at sea. Here is 
envisaged a research program to determine 
particularly the loads to which a ship’s 
structure is subjected among waves. It is 
anticipated that active work under this 
project will not begin until a thorough 
study has been made of the results ob- 
tained from the present British investiga- 
tion on the Ocean Vulcan. 

In addition to the above study, in which 
a research crew would be stationed on 
board ship to operate and maintain the 
equipment, it is also contemplated that 
strain counters be installed at various loca- 


’ tions on a large number of ships of many 


types. These counters would be unat- 
tended except for periodic checkups and 
recording of accumulated data. These 
counters would record the number of 
times a given strain has been reached at a 
selected point in the ship. By this pro- 
cedure, it is anticipated that the maxi- 
mum strains to which a ship’s structure is 
subjected, including selected points of 
concentration could be obtained. 

i. A further study of the design and 
fabrication of ship components (e.g., hatch 
corners, gunwale connections, etc.). It is 
Proposed to study typical structural dis- 
continuities in ships to determine magni- 
tude of stress concentrations, areas af- 
fected by the dicontinuities and how the 
design can be modified to reduce such con- 
centrations, thereby increasing the factor 
of safety. This investigation would be 
made through use of large welded full- 


scale Specimens, models and photoelastic 
Studies, 


il. A study of the structural perform- 
ance of the ship girder incorporating im- 
Proved structural details developed in (ii) 
Pete tested statically to failure. The 
tu " will be subjected to the static struc- 

ra! test, preferably continuing to failure. 
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iv. A study of the effects of riveted 
longitudinal joints on the performance of 
welded ships. The generally satisfactory 
performance of the Liberty ships with 
riveted seams has raised questions as to 
how the riveting influenced this perform- 
ance. 

v. Studies of the relative merits of 
various structural design details when sub- 
jected to cyclic loading. 

(c) Supplemental Studies.—Shrinkage, 
distortion and cracking of welded struc- 
tures during assembly are effects which 
must be studied. The methods of obtain- 
ing sound welding practice are generally 
developed on the job; however, the ele- 
ments of good practice need continued 
reconsideration and manuals need revision, 
even though laboratory research can make 
little contribution to this result. 


EXHIBIT III—SURVEY OF SHIP- 
YARD WELDING PRACTICES 
(1 MAY 1945) 


Summary Report Welding Advisory 
Committee 

A Welding Advisory Committee was 
appointed by the Board to survey condi- 
tions pertaining to the design and method 
of construction of welded steel merchant 
vessels as employed by shipyards in the 
United States. Thirty-three representa- 
tive yards, Government and commercial, 
on the East, Gulf and West coasts were 
visited during 1944-45. The following 
report is a summary of data collected. 


A. Welder Training and Advancement 


1. Average Number of Hours in Weld- 
ing School.—The system of welder train- 
ing in use and standard of performance 
required prior to graduation is not uniform. 
Some schools train to produce tackers only, 
acting on the premise that no school can 
produce a journeyman welder; therefore, 
from 3 to 6 mo. work on the ship should 
be required before the trainee becomes a 
production welder. An average of 185 hr. 
schooling for production welders exists for 
the East Coast schools reported. The 
shortest average training period was 10 hr. 
and the longest average training period 
was 320 hr. 

2. Training Equipment and Methods.— 
Most shipyard schools did not have enough 
training equipment, operating up to three 
shifts, with two trainees per booth in one 
or two instances. It was generally agreed 
that 10 students was the maximum that 
could be efficiently trained under one in- 
structor. However, some schools assigned 
up to 20 students per instructor. The 
smaller schools are not well organized and 
usually are operated only as welder test 
booths, or for priming welders to take the 
production welder’s test. In only one 
school were trainees required to weld in 
cramped positions and on joint assemblies 
similar to those encountered on ship board. 

3. Special Means for Identifying Weld- 
ers by Rating. 


Yards 
1 
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After qualifying by test for all positions 
one yard grouped the welders for restricted 
work in accordance with the foremen’s 
opinions and each group was identified by 
colored electrode buckets and helmets. 
In several yards, however, tackers could 
be identified from welders by group num- 
ber on badges. 

Nearly all yards interviewed agreed that 
whether qualified by test or not, a welder 
fresh from the training school should be 
allowed to work only on unimportant parts 
of the ship’s structure, preferably in the 
flat position. The secondary structure on 
the building ways should be welded by 
more experienced or second grade welders 
and strength decks and the hull plating 
should be allocated to the most experi- 
enced or first grade welders under yard 
classification. In actual practice, however, 
this ideal is seldom attained due either to 
“hot ships” or disregard of this principle 
in placing welders. 

4. Type of Welders Produced by School. 


Yards 
4 
Tackers and welders......... 9 
Flat or restricted position. ... 5 


Only 5 yards had restricted welder 
qualification other than tack welder. The 
majority of the yards consider the all- 
position welder qualification test easy to 
pass and the training necessary to qualify 
preferred to the restrictions imposed when 
welders are only partially qualified. 

5. Minimum Experience Between Ad- 
vancements.—No yard claimed to enforce 
any minimum period between advance- 
ment except in two instances, one where 
advancement was automatic due to agree- 
ment with Union, and one where the yard 
required a 3-mo. period between advance- 
ments. 

6. Encouragement for Improvement.— 
There is very little encouragement for 
improvement in workmanship particularly 
in piecework yards where emphasis is 
placed on production. Only two yards 
made any attempt to keep a record of the 
actual quality of work of the individual 
welder. 


7. Percentage of Welder Turn-Over 
Annually. 
oy 
212 
85 


8. Are Qualification Tests Recorded?— 
Qualification tests are recorded in all 
yards except two. The consensus of opin- 
ion of the various yards indicated that 
qualification tests are not sufficient evi- 
dence that a welder is capable of welding 
important structural joints and that 
welders on such structure should be picked 
after experience indicates they can pro- 
duce welds satisfactorily. 

9. Are Records Systematically Filed?— 
Recorded qualification tests were satis- 
factorily filed in yard or inspection office 
when such qualification tests were made 
except in one yard. However, the system 
is rather cumbersome in that if a welder’s 
work is unsatisfactory it requires a check 
in the files to ascertain his qualifications. 
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B,. Incentive for Good Workmanship After 
Graduation 


1. Any Monetary Incentive for Good 
Workmanship? 


Yards 
Yes 2 
11 


Nearly all piecework systems nullified 
any incentive for good workmanship since 
the emphasis was placed upon either 
poundage of electrodes burned or footage 
produced. Charges are seldom made 
against the welder for repairing work and 
advancement is based upon the ability to 
produce enough welds to make a wage 
equal to that of the next higher basic 
hourly rate. In yards where all welders 
get the same pay there can be little (and 
sometimes a negative) incentive for im- 
provement as the difficult work is given 
to the best welders. 


2. Any Piecework System? 


Yards 


3. Is Advancement Based on Good 
Workmanship? 

Yards 

Supervisor’s opinion................ 238 

Based on daily and weekly records of 


Z 
bo 


Yards 
6 
Union agreement.................. 2 
Cramped position test.............. 1 
Daily and quarterly records......... 2 


C. Supervision 


1. Number of Hulls for Each Welding 
Subforeman. 


Varies but lies between l and 10..... 


2. Number of Quartermen to One 
Foreman. 


9 


3. Number of Leadingmen to One 
Quarterman. 


Yards 


4. Number of Welders to One Leading 
Man. 


Yards 


5. Is a Welding Engineer Employed? 


Yards 


Only a few of the men employed as 
welding engineers for the various yards 
can be considered welding engineers when 
analyzed in the light of their technical 
training. Their title is neither indicative 
of their exact status in the yard organiza- 
tion nor does it correspond to the duties 
to which they are assigned. 


6. What Is His Organizational Rating? 


Yards 
16 
Consultant........ 3 


It is doubtful that any of the welding 
engineers have authority to enforce regu- 
lations governing quality of welds, se- 
quence, etc., if such regulations interfere 
with production. 


7a. Who Has Final Say on Welding 
Matters? 


Yards 
Hull superintendent............ 
4 
1 
Inspection agencies................ 2 


Production manager or assistant works 


Any controversial matters pertaining to 
welding were usually settled by the weld- 
ing inspectors of the inspecting agency if 
such were called to their attention. 


7b. Who Establishes the Welding Tech- 
nique? 
Yards 
Welding supervisors and foremen.... 21 
Welding supervisors and foremen with 
welding engineer................. 2 
School instructors and coaches...... 4 
1 


Very few yards relied upon their weld- 
ing engineers to establish the welding 
technique. 


7c. Has Welding Department Power to 
Reject Faulty Fitting? 


Doubtful or problematic............ 15 


It is doubtful that where welding de- 
partments have the authority to reject 
faulty fitting that such authority is ever 
exercised. 

8. Connection Between Drawing Room 
and Welding Department.—In only nine 
yards did the welding engineer have direct 
contact with the drawing room. 

9. Who Sees That Sequence Is Carried 
Out?—Only seven yards had inspection 
departments set up for checking the 
sequence, the remainder leaving this work 
entirely to the welding supervision. 

10. Who Has Authority to Change 
Welding Sequence?—Only eight yards of 
the 19 employing welding engineers gave 
the welding engineer the authority to 
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change welding sequence. However, three 
yards had a sequence man in addition to 
the welding engineer who developed the 
sequence and made the necessary changes. 


11. Does He See That the Change Is 
A pproved? 


4 


It was noted that the general practice in 
the yards was to make numerous sequence 
violations on the hull structure rather than 
to correct the welding sequence or revise 
it to agree. 


D. Inspection 


1. Is Radiography Done on Hull 
Structure? 


Yards 

2. Is Trepanning Done? 

Yards 
Yes, but not polished............... 4 


Plugs taken but not polished which 
were examined by the Committee were 
considered incomplete evidence of sound 
welds due to their extreme roughness. 

In one yard, where probing was a regular 
practice, it was stated that originally 30° 
of plugs taken showed defective welds, but 
since workmen have been shown defective 
probes, the quality has improved until de- 
fective plugs have been reduced to 6% 

3. Who Requests Radiography and 
Trepanning? 


Yards 

Welding engineer or welding labora- 
4 
Inspection agencies................ 9 
Yard welding inspectors.......... l 
Made no subsurface inspections..... 1! 


Of the yards making subsurface inspec 
tions only four performed this service 
without the request of an inspection 
agency. 

4. Has Yard Any Inspection Depart- 
ment of Its Own? 


Some yards stated that a separate 1 
spection department would result in <i- 
vided authority and would therefore | 
objectionable. Apparently, it was for t's 
reason that some inspection departments 
answered to the production department 
instead of the welding engineer. 


5. To Whom Are the Welding Inspe- 
tors Responsible? 


Welding engineer............ - 
Yard inspection department. . 

Welding supervisors...........- 
Production department......... 
No inspection department...... 


6. Has Yard Any Welding Laboratory’ 
Yards 
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Welding laboratories of any conse- 
quence were usually incorporated in a 
well-equipped metallurgical laboratory. 


7. Hull Inspection. 


Yards 

Inspected by Navy.......... 

Inspected by ABS surveyors...... 16 

Inspected by U.S.M.C............ 14 
Inspected by U.S.C.G. marine in- 

Inspected by Army.......... 2 


Inspected by commercial companies 3 


8 Can Yard Trace Work to Individual 
é Ider? 


Yards 


Identification of the weld and welder is 
of little value where there is no subsurface 
inspection. Most methods of identifica- 
tion are rather cumbersome, their primary 
purposes being to control piecework sys- 
tems and not for the identification of 
welders at some future date. Some union 
agreements will not permit identification 
of weld with welder. 

9. How Are Leaky Welds Repaired in 
Watertight and Oiltight Structure? Leaky 
welds are usually caulked unless found by 
the inspection agency first, or when they 
are of such a serious nature that caulking 
would not stop the leak. Several yards 
made the claim that all leaky welds were 
chipped out and rewelded but the reaction 
of the inspectors as well as personal ob- 
servation, casts considerable doubt on the 
accuracy of these statements. 

10. How Are Faulty Welds Repaired in 
Non-Watertight Structure? Faulty welds 
are repaired by rewelding in way of under- 
cutting and insufficient reinforcement 
when marked by inspectors. Judging 
from observation of welds marked for re- 
pair, additional welds are run without 
further preparation for almost any kind 
of defeet except a known crack. 


E. Production 
la, Is There an Erection Sequence? 
Yards 


Most erection sequences consist of 
material schedules. 


1b. Who Prepares Erection Sequence? 


Yards 
Supervisor committee......... 2 
Hull superintendent........... 7 
Welding engineer.................. 3 
Shipfitting department............. 6 
Hull planner............... 2 
Naval architect. 3 
“. Is It Being Followed? 
Yards 
17 
Generally... 13 
pre erection sequences consist of mate- 
ria 


: schedules and are violated or modified 
Where 
re necessary to use material in order 
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of receipt, regardless of the condition of 
welding. A few of these schedules were 
incorporated with the welding sequence. 


3a. Is There a Welding Sequence? 


Yards 


3b. Who Prepares the Welding Sequence? 


Yards 
Engineering department.... 2 
Supervisor committee....... 5 
Hull superintendent. .... 2 
Welding engineers... . 6 
Shipfitting department l 
Chief hull planner. 
Welding foreman. . 2 
Design agent or leading shipyard 2 
Not prepared......... 2 
Not reported.......... 10 


3c. Has the Welding Sequence Been 
Approved by Navy, American Bureau of 
Shipping, United States Maritime Com- 
mission or United States Coast Guard? 


Yards 
10 
No reports......... 7 


The sequence in use in a number of 
yards was very general without any detail 


4. Is It Being Followed? 


Yards 
7 
3 


None of the complicated sequences de- 
veloped for welding are rigorously held to 
by the welders on the job. However, in 
two shipyards where the hull was sub- 
divided into standard uniform panels or 
sections similar to subassemblies although 
built in place on the ways they were able 
to reduce the instructions to workmen to 
an apparent minimum. It was noted that 
two yards laid out the sequence on the 
steel structure for the guidance of the 
welders, thereby eliminating excuses for 
sequence violations. 

5. How Are Electrodes Stored and Dis 
tributed?—Nearly all yards stored and dis- 
tributed electrodes in reasonably dry 
spaces, heated in the winter for the comfort 
of the personnel. However, 3 shipyards 
made a determined attempt to dehumidify 
certain classes of electrodes. 


6. Are Check Tests Made on Quality of 
Electrodes? 


Yards 


Only one yard ran a torture test on mild 
steel electrodes and this was done by a 
special port hole test devised by that yard. 
The majority of tests consisted of standard 
welder qualification test for each new ship- 
ment of electrodes. However, one yard 
made an attempt to check the moisture 
content of the coating. 

7. Types of Electrodes Used.—-Some 
yards have substituted E-6020 for hori- 
zontal work for which E-6012 has been 
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eliminated. Judging from the record, 
however, this practice should be extended. 


8. Are Special Processes Used? 


Yards 
Union-melt 21 
Lincoln weld 3 
General electric ] 
Unamatic 2 
Flame gouging 3 
Carbon arc 7 
Twin arc 
Deep fillet 2 


Apparently any furtherance of these 
special processes would depend upon the 
supplying of concrete information to the 
various yards. 

9. Are Restrictions on Machine Welding 
Being Followed?—Several of the yards 
visited complained of lack of information 
on the control of machine welding and 
only in the yards that had done consider- 
able experimentation could machine weld- 
ing be considered excellent. The manu- 
facturers’ claims on the possibilities of this 
equipment appear to be somewhat exag- 
gerated when compared with production 
results. In addition it was noted that very 
wide variations in joint design existed in 
yards doing identical work; the efficiency 
of some being open to question. 


10. Percentage of Machine Welding 


Yards 
No machine welding....... 10 
Below 10°,. 1] 
10-20% 8 
20-25% 


11. How Much Deep Fillet Welding Is 
Done?—Used by 6 yards. 

Most yards interviewed who had ex 
perimented with this process considered it 
not applicable to ship construction. Onc 
shipyard, however, seemed to be enjoying 
considerable success with this process and 
this yard considered that control of the 
moisture content of the electrode was 
absolutely essential for its success in pro 
duction. 

12. Has E-6012 Electrode Been Elimi 
nated on Important Butt Joints?—Two 
yards were found where E-6012 electrode 
was being used on important hull butts 
although one yard reported that this elec 
trode had been eliminated for these joints. 
The general consensus of opinion among 
the other yards was that this class of elec 
trode was only suitable for horizontal fillet 
welds. Several yards were also found to 
be using certain brands of E-6011 and 
E-6013 electrodes on all types of joints to 
increase production resulting in large over- 
size convex welds with the appearance of 
deposits made by E-6012 electrodes 


13. Is Peening Being Done? 


Yards 

Generally employed.... 2 
Used to some extent, as in restrained 

butts or insert plates..... 26 

No peening used....... 5 


Shipyards need information pertaining to 
this process since most of them subscribed 
to only very light peening. 


14. Are Vertical Butt Welds Weaved or 
Stringer Beaded? 
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Weaved with final layer stringer 
Stringer beaded with final layer 


In view of the differences of opinion 
among the various yards as to the relative 
merits of these two techniques, more in- 
formation is apparently needed in the field. 


15. Plate Edge Preparation Used with 
Machine Welding. 


Yards 
Ground top surface................ 4 
Not machine welded............... 18 


It was noted that two yards producing 
the best machine welds paid very little 
attention to cleanliness of surface aside 
from wire brushing, placing more than 
average emphasis upon proper machine 
settings. 


16. Method Used for Backing Up Ma- 
chine Welding. 


3 
Manual welding backing............ 138 


It was noted that two did not strive for 
a tight fit, working flux in any opening 
and under the tack welds, with remarkably 
good results. 

17. Maximum Plate Thickness Used in 
Manual Welding Square Edge Plating.— 
Not over !/,-in. square edge preparation 
was used for manual welding in any yard. 
Three sixteenth inch was the maximum 
square edge joints manually welded with- 
out back chipping. 


18. Is Preheating Being Done for 
Manual and Machine Welding? 

Yards 

No preheating on mild steel......... 29 


More information apparently is needed 
in the field on the requirements of pre- 
heating. Very few yards are carrying out 
the letter of instructions now in existence. 

19. Are Tracks Used for Automatic 
Welding Machines?—Tracks are generally 
used with Union-melt and General Elec- 
tric machines on the East and Gulf coasts. 
Tracks are seldom used on the West 
coast. Tracks are not used with Lincoln 
welding machines. 


20. Quality of Edge Preparation Used 
for Manual Welding. 


In a good many yards edge preparation 
is ruined by an excessive amount of square 
flame cuts in fitting on the ship after 
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erection. 


The use of innumerable large 
tacks to compensate for inadequate strong- 
backing and warping make it impossible 
to more than partially bevel the edges 
prior to welding. 


21. Method Used for Cleaning Out Back 
of Welds. 


Yards 


Back chipping in restricted places and 
on secondary structure is very superficial 
in most yards. It was noted that in some 
yards welding procedures required back 
chipping in very cramped spaces and over- 


head positions not conducive to good 
workmanship. 


A. Type of chisel used: 


Yards 
Cape chisels at times.............. co 
Diamond point at times............ 15 
8 


Cape chisels resulted in as sharp corners 
in the grooves as those made by diamond 
pointed chisels. 


B. Is flame gouging used? 
One yard used flame gouging generally. 


C. Is groove cleaned to sound metal? 


Yards 


In one yard it was noticed that the main 
girth butts of the vessel had been super- 
ficially chipped and then caulked to 
simulate a condition of sound metal. 


D. Does groove follow center of weld? 


Yards 
4 


The standard of back chipping in most 
of the yards inspected could be improved. 


22. Is Riveting Used in Conjunction 
with Welding? ° 


Welds 


Some yards used riveting to retain gangs 
already employed in the yards while others 
used riveting to get away from welded 
longitudinal seams and welded longitu- 
dinals. 


23. Does Riveting Progress Beyond the 
Welding? 
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Yards 


One yard held back on riveting until 
main hull structural welding was com- 
pleted. The majority of the remaining 
yards using riveting in connection with 
welding removed a few rivets adjacent to 
the weld when riveting advanced ahead 
of the welding. 


F. Workmanship 
1. Quality of Fitting. 


Yards 
2 


Fitting was generally poor enough to be 
considered responsible for some of the poor 
welding reported. Preparation of the butts 
in secondary structure including framing 
butts never received proper attention in 
most yards. 


2. Quality of Manual Welding. 


Yards 


The quality of shell welds is problemati- 
cal in all yards where poor fit-up exists and 
there is no subsurface inspection since in 
complete penetration of weld metal would 


break the continuity of the joint. Welds 
of the secondary structure (including bul 
warks, framing, hatch coamings, etc.) in 
most yards showed bad workmanship. 


3. Quality of Machine Welding. 


Yards 

No machine welding........... II 


The fit-up for machine welding varies 
somewhat in different yards and where ne 
probes are taken there is no way of check 
ing the final quality of the welds. 


4. Is Welding Properly Cleaned of Slas’ 


Yes, for inspection............. 
No, for inspection............ 18 


When the final passes of the manual 
welds are not cleaned it was observed (a! 
there was always a possibility of under 
cutting, porosities and incomplete rt! 
forcement getting by. a 

It is to be noted that the majority o! 
yards did not clean welds for inspect 


purposes. 
5. Is Undercutting of Welds Excesswe! 


Yes, on one type of vessel and 
No, on another type.......-- 


Undercutting was rather extensive " 
most yards but corrected in some by add 
tional beads. One yard suggested that 
electrodes may cause undercutti™ 
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on plating below */). in. thickness and it is 
possible that smaller electrodes, if used, 
would stop this undercutting. 


6. Are Starting and Run-off Tabs Used 
for Machine Welding? 


Yards 
No ee 10 
No machine welding............... 10 


Many yards using run-off tabs failed to 
obtain the desired results as the craters 
carried back within the trim lines. Where 
short unfinished joints were left to assist in 
fairing and the erection of the structure, 
the resulting manual welds used to com- 
plete the joints were sometimes saddles, 
causing notch effects in these butts. 


7. I¢ Completed Structure Reasonably 


Yards 


In order to obtain fairness on light 
welded structure it was usually necessary 
to resort to excessive flame shrinking, a 
large number of rigid strongbacks or drum- 
headings, with the latter apparently the 
least objectionable practice. On heavier 


plating, sequence and technique when used’ 


to advantage seemed capable of main- 
taining the fairness of the structure. 


G. Structural Details 


1. Are Snipes Used Whenever Possible? 


Yards 


With the present use of prefabricated 
members and subassemblies, it is impera- 
tive that snipes be indicated on the detail 


structural plans to get them on the finished 
ships. 


2. Is Upper Edge of Sheer Strake Free 
from Cuts and Notches? 


Yards 
24 
No structural sheer strakes.......... 3 


| Although most of the sheer strakes were 
'ree from cuts and notches, only 3 yards 
were found that removed all connections, 
including chocks and pads. 


3. Are Bulwark Details in Accordance 
with Approved Plans?—Yes, in yards 
where bulwarks are fitted. 


4. Is Bulwark Workmanship Satis- 


factory? 
Yards 
15 


Most yards treat the bulwarks as 
structure and consequently 
a members are not welded with the 
ame care and workmanship as the shell 
lating. Most naval vessels and tankers 
are designed without bulwarks. 


Pitied Type of Hatch Corner Reinforcement 


Yards 
Navy standard or expansion trunks.. 12 
Insert in deck, not slotted through 
Insert in deck, slotted through coam- 
Doubler for deck, not slotted through 
Doubler for deck, slotted through 


Many of the inserts and doublers used 
to reinforce the hatch corners were rec- 
tangular with square exterior corners. 


6. Are Riveted Gunwale Bars Fitted? 


Yards 
3 


Only)? 


Yards 

8. Are Bilge Keels Properly Scalloped? 
Yards 

13 
3 
1 


If bilge keel snipes are not indicated on 
the plans, there is little possibility of the 
requirements being carried out by the 
fitters on the job. 


H. Erection Methods 
* 1. Are Tack Welders Qualified? 


Yards 


There is considerable confusion among 
inspectors as to the actual qualification for 
a tact welder, especially in yards doing 
both naval and commercial work. Most 
of the schools turned out tack welders on 
the appearance of the finished weld, rather 
than any test. 


2. (a) What Regulations Govern Tacks? 


Yards 
15 


2. (b) What Type Tacks Are Used? 


Yards 

10 
Rough and close..... 2 
Varying in size and shape......... 2 


Tacks were not being made as specified 
or recommended and seldom are they 
chipped out when made in a beveled joint. 
The use of a large number of strongbacks 
and saddles in some yards eliminated 
tacks to a minimum whereby the entire 
joint was welded by a production welder 
without breaking continuity. 
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3. Quantity and Type of Strongbacks 
and Braces Used. 


Yards 


Twenty of these yards used strongbacks 
of the rigid type without apparent diffi- 
culties. 


4. Are Tack Scars Repaired? 


Yards 
10 


No yard was repairing tack scars to the 
extent that the outlines could not be 
traced except in a few instances where 
deep grinding was resorted to. In some 
yards it was noted that a great number of 
scars were present in the hull plating due 
to dragging of the welder’s electrode when 
striking the arc and starting some distance 
away from the joint. 


5. Is Preheating Used on H. T. S.? 


Yards 
No H.T-S. used..... 19 


The practice of preheating on H.T.S. 
varies in all yards depending upon the 
failures experienced or the attitude of the 
inspecting agency. In some instances-pre- 
heating being dependent upon atmospheric 
conditions or the weight of plating in- 
volved (this weight factor not being 
uniform) or upon rough tests peculiar to 
the yard, intended to identify high chem- 
istry plates. 


6. Type of Welding Equipment at the 
Wet Slip. 


Yards 
16 
4 


Several yards do not consider isolation 
of welding equipment at the wet basin 
necessary, one having taken voltage read- 
ings between hulls and between hulls and 
water for check purposes, arriving at the 
conclusion that adequate grounding is all 
that is necessary. 


I. Reception of the Welding Advisory 
Committee 


In general, the committee was well 
received. 


Bibliography Follows 
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Arc-Welded Fabrica- 


tion Is Lowering Cost, 
Extending Life of 


Modern Valves 


By Hugo H. Stahl* 


ODERN valves must operate at higher pressure 
and at higher temperatures than ever before, 
and yet despite these added demands, valve 

costs are being steadily lowered, their service life is in- 
creasing and their design is gradually becoming more 
compact and more efficient of material. 

Fabrication by arc-welding design is contributing im- 
portantly in securing these results. While the applica- 
tion of electric arc welding to valve fabrication is not 
entirely new, it has progressed from the stage of welding 
merely auxiliary parts to the present-day practice of 
welding the entire unit. Even valve bodies are now be- 
ing welded from rolled and formed plate. 

It has been found particularly efficient to employ arc- 
welded fabrication in the production of large valves where 
the situation requires only one or two of a kind. The 
need for patterns is thus obviated, a substantial economy 


* District Manager and Welding Engineer, Lincoln Electric Co., located at 
150 Causeway St., Boston 14, Mass. 
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Fig. 1 


Pressure, 


750° 


Fig. 2 
Fig. 1—All-Welded '/2-In. Gate Valve Designed for 800-Lb. 


F. Service 


Fig. 2—Details of the Component Parts of the Valves Are II- 
lustrated in This Photograph 


in itself. 


This trend was accelerated during the war 


when welded fabrication was depended upon to turn out 
gate, globe and rotary valves rapidly to fill immediate 
demands. 
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Modern designing, which holds machining costs to a 
minimum, is speeding the extension of this practice to the 
production of small valves as well. The use of flawless 
rolled bar stock reduces resulting scrap to a minimum 
since imperfections in the manufacturing process are 
avoided. This makes it possible to eliminate the neces- 
sity for adding surplus weight material because it is no 
longer essential to maintain an inordinately high factor 
of safety to allow for hidden flaws. 

An all-welded small-size valve body, gate type, fot 
high-pressure service has been developed by Manning, 
Maxwell and Moore, of Boston, Mass. It is offered in 
support of the contention that a weldment can compete 
with small-sized intricate casting on a cost basis, even on 
a mass production basis. 

Figure | illustrates a '/»-in. gate valve for 800-lb. pres- 
sure, 750° F. service. It is available in '/4-, *#/s-, /o-, 

1-, 1'/g-, 1'/o- and 2-in. pipe sizes. Details of the 
valve, pictured in Fig. 2, show that the valve is made up 
of a body that has been machined out of a square section 
of S.A.E. 1020 steel, using an automatic screw machine. 
A broaching operation is required to size up the hole. 


There are two seats which incorporate the pipe connec- 
tion and are inserted on opposite sides of the body. 
Equipped with a hard surfacing material, the seats are 
ground to a polish finish for proper seating of the stain- 
less steel wedge. 

The seat and pipe connection are handled as a single 
unit that is machined and hard-faced by welding before 
assembly. A jig is used to place the seat into the valve 
body and extreme care must be exercised to assure proper 
alignment. The jig then revolves the body automati- 
cally about the pipe axis for rapid welding by hand, using 
two beads of an E-10010 electrode. The yoke posts are 
then welded onto the valve body in an assembly jig which 
locates the posts on six bodies simultaneously. 

An important advantage of this method of welding is 
that it enables the operator to keep the valve faces in 
line during welding. By using sufficient pressure on the 
valve seat inserts against the wedge, it has been found 
that the seats fit perfectly against the wedge faces even 
after welding. Machining before assembly and welding, 
where very close tolerances must be maintained, brings 
about this desired result. 
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AMERICAN WELDING SOCIETY 


ACTIVITIES 


WESTERN METAL CONGRESS 


That the West Coast area has become 
(in the words of the local chambers of 
commerce) ‘‘a new opportunity-packed in- 
dustrial empire’ was undubitably proved 
by the Western Metal Congress and Ex- 
position held in Oakland, Calif., the week 
of March 22. Evidence to support this 
statement is contained in the following 
facts. 

That attendance, instead of the op- 
timistically predicted figure of 55,000, 
reached a clocked total of 91,022 at the end 
of the six days of the exposition. 

That the number of exhibiting firms in- 
creased rapidly before the opening of the 
show from an expected 165 to 200—about 
a third of them being West Coast plants. 

That $750,000 worth of machine and 
equipment, much of it hauled long dis- 
tances from eastern plants, was installed 
and operating to demonstrate products and 
processes in every phase of the metal in- 
dustry. 

That notables who attended the Con- 
gress included Governor Earl Warren and 
Senator Nolan; Henry Kaiser, whose firm 
exhibited in a Metal Congress for the first 
time; the national officers of the American 
Society for Metals, the AMERICAN WELD- 
ING SocrEety and the American Foundry- 
men’s Association; and most of the leading 
technical lights of the metal industry 
throughout the country. 

That, besides the celebrities, thousands 
of researchers, shopmen, engineers, scien- 
tists, laboratory technicians and salesmen 
came to work and study and learn. 

In addition to the knowledge of new 
methods and techniques gained from the 
exhibits, solid fundamental learning was 
provided by the 75 lectures presented on 
the sessions of the A.S.M., the WELDING 
Society and the Foundrymen’s Associa- 
tion. Lectures were mainly fundamental 
and educational in nature, yet they did not 
fail to include news of the latest pioneering 
investigations made by their prominent 
proponents. 

Many of the displays at the exposition 
were typical of the industrial West’s con- 
version from war-making equipment to 
peacetime products. Henry Kaiser’s 
Permanente Products Co. exhibited a 
galaxy of aluminum products made by 
West Coast manufacturers, and revealed 
that four Kaiser plants are supplying light 
metals to 1000 manufacturers. Much in- 
terest was aroused (and not a few sales 
made) in Vacu-Blast Co.’s device for clean- 
ing metal or stone surfaces. Giant of the 
exposition was Enterprise Engine. and 
Foundry Co.’s huge marine Diesel engine. 


Victor Equipment’s demonstration of 
the Oxyare cutting process drew large 
crowds, as did Air Speed Tool Co. with a 
new high-speed self-contained pneumati- 
cally operated saw and file tool. 

Other important Coast exhibitors were 
Howard Foundry Co., which has recently 
opened a Los Angeles plant for production 
of large castings of aluminum, magnesium, 
bronze and other alloys; Acme Associates, 
manufacturers of a paint spray booth, 
General Metals Corp., which six months 
ago expanded into brass and bronze cast- 
ings, as well as ferrous; and Joseph T. 
Ryerson & Son, which is coming out with a 
huge new plant in the Bay area. 

The mutual benefit accruing from the 
Congress and Exposition to the metal in- 
dustry and the western industrial area is 
reflected in the commendation voiced by 
Harold D. Weber, general manager of the 
Oakland Chamber of Commerce. ‘Not 
only was the event a fine thing for the com- 
munity,” he said, ‘‘but it offered us an op- 
portunity to become better acquainted 
with many outstanding and important in- 
dustrialists. Consequently I think that 
both Oakland and the Oakland Chamber 
of Commerce, as well as those participating 
in the exposition, all derived much benefit 
from the recent Metal Congress.”’ 

Similar sentiments were expressed by 
Carl J. Eastman, president of the San 
Francisco Chamber of Commerce, in an 
address before a luncheon meeting of the 
AMERICAN WELDING Socrety during the 
Congress. 

This luncheon was a highlight of the 
meeting. Mr. Lee Delhi, national presi- 
dent of the Socrety delivered an address 
on ‘‘The Future of Welding in the West.”’ 
Mr. Delhi presented the Socerty’s Lincoln 
Gold Medal to H. E. Kennedy, Albany, 
Calif. 


The following papers were presented: 


Harp Facinc—A Major Factor’ IN 
MANUFACTURE AND MAINTENANCE, H. 
W. Sharp, Metallurgist, Stoody Corp., 
Whittier, Calif. 

WELDING STAINLESS AND HEAT RESISTING 
AtLoys, T. R. Lichtenwalter, Field 
Metallurgist, Republic Steel Corp., 
Massillon, Ohio. 

OXYACETYLENE PRESSURE WELDING, E.R. 
Proctor, Development Engineer, Men- 
asco Manufacturing Co., Burbank, 
Calif. 

THE FuTURE OF RESISTANCE WELDING, 
M. S. Clark, President, Federal Welder 
Co., Warren, Ohio. 

RESISTANCE WELDING APPLICATIONS, J. H 
Cooper, Chief Sales Engineer, Taylor- 

Winfield Corp., Warren, Ohio. 
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RELATED EVENTS 


POSSIBILITIES OF ELECTRONIC CONTRO! 
G. W. Garmon, Control Division Engi 
neer, General Electric Co., Scnenectady 

INERT GAS-SHIELDED ARC WELDING, T. F 
Piper, Chief Process Engineer, Northroy 
Aircraft, Inc., Hawthorne, Calif 

WELDING AND FABRICATION OF HicH 
TEMPERATURE ALLOoys, Fred Boericke, 
Sales Engineer, The Haynes Stellite Co, 
Los Angeles. 

THERMIT WELDING OF RAILS AND Larci 
CasTINcs, J. B. Tinnon, Vice-President 
Metal & Thermit Corp., New York City 

MODERNIZED FABRICATION, Earl Griffeth 
Plant Superintendent, Wooldridge 
Manufacturing Co., Sunnyvale, Calif 

THE COORDINATED DEVELOPMENTS IN 
A.-C. WELDERS AND ELEctTRODES, C. P 
Croco, Manager, Welding Dept., West- 
inghouse Electric Corp., Buffak 

MODERN DESIGN IN STRUCTURAL WELI 
ING, LaMotte Grover, Welding Engi 
neer, Air Reduction Sales Co., New 
York City. 

Low TEMPERATURE BRAZING, Herman 
Folgner, Handy & Harman, Los 
Angeles. 


TECHNICAL SOCIETIES COUNCIL OF 
NEW YORK IS INCORPORATED 


The incorporation of the Techinica 
Societies Council of New York was 
nounced recently at the Engineering > 
cieties Building, 29 W. 39th St. Th 
Council is composed of engineering «! 
technical societies in the metropoll 
area. Its main objectives are ¢! 
vancement of engineering, scientifi 
technical knowledge and the furtherms 
high professional standards. 

Fourteen societies are charter member 
of the Council and others with the prom 
qualifications will become members. }" 
charter members are: American [nstitt! 
of Chemical Engineers, American I» 
tute of Electrical Engineers, America" ! 
stitute of Mining and Metallurgical 
gineers, American Society of Heats 
Ventilating Engineers, The Amer! 
ciety of Mechanical Engineers, Amercé 
Society for Metals, American Society ! 
Safety Engineers, American Society 
Testing Materials, American Society 
Tool Engineers, American Chen 
ciety, AMERICAN WELDING Sov! 2 
luminating Engineering Society, 
of Radio Engineers and the © 
Motion Picture Engineers 


(Continued on page 62° 
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works better! 


costs less! 


EVERYTHING FOR WELDING 


NCG is recognized as one of the 
largest organizations of its kind in 
the world. It operates 73 manufac- 
turing plants within the United States, 
offers supply and service by a vast 
network of hundreds of independent 
NCG distributors and warehouse 
stocks. For assured satisfaction in 
your welding and cutting needs... 


RELY ON NCG 


Torchweld is more than a line of 
really good flame welding and cut- 
ting apparatus—it’s a factor in eco- 
nomics—in the economics of your 
business. You see... NCG knows 
that the test of equipment isn’t com- 
pleted until the product made with 
that equipment has satisfied your 
customers. NCG knows that the 
production efficiency of equipment 
has no real meaning until the main- 
tenance liability of that equipment 
is known. NCG knows that equip- 
ment is, in the final word, an influ- 
ence on your profits. 

NCG’s wisdom from 30 years’ ex- 
perience with the overall applica- 
tions of welding in every phase of 
U. S. industry, is built into the 
Torchweld line. Torchweld may be 
said to have ‘ta seasoned business 
man’s” regard for a// your problems. 

And Torchweld pleases the man 
in the goggles just as much. When 
he uses the famous “54” Welding 
Torch, for instance, he recognizes 
instantly that the new, revolutionary 
mixer gives him 
greater speed and better welds. He 
finds that the welding flame is truly 
stabilized, and that his torch doesn’t 
pop and can’t backfire. 

If he uses the “75” Hand Cutting 
Torch he beams his astonishment at 
the swift ease with which it sails 
through steel up to 20 inches thick. 
He is proud of the clean, square 
faces and the narrow kerf. He is sure 
to become enthusiastic about the 
Stainless steel head and the smooth- 
working diaphragm-type high pres- 
sure oxygen valve. 

But these promising examples are 
just typical of the entire quality 
Torchweld line—that costs less, both 
initially and to use—that’s simpler 
and works better, no matter to what 
task it’s assigned. Send today for 
the new, complete Torchweld cata- 
log that’s sure to point a way to 
profitable improvement in your 
business. 


NATIONAL CYLINDER GAS COMPANY 
840 N. MICHIGAN AVE., CHICAGO 11, ILL. 
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(Continued from page 622) 


The following men constitute the Board 
of Directors: H. C. R. Carlson, president, 
A.S.M.E.; H. P. Wall, vice-president, 
A.S.S.E.; M. P. Davis, secretary, A.S.- 
T.M.; H. F. Dart, treasurer, I.R.E.; 
directors-at-large—O. B. J. Fraser, A.I.- 
M.E.; H. J. Ryan, A.S.H. and V.E.; E. M. 
Sherwood, A.S.M.; E. J. Lyons, A.I.Ch.E.; 
W. F. O’Connor, A.C.S.; C. S. Purnell, 
A.L.E.E. 

Other delegates, of which each society 
names two, are: W. J. Barrett, A.I.E.E., 
D. E. Boyd, A.S.M., C. R. Brady, I.E.S., 
F. E. Cahill, Jr., S.M.P.E., B. C. Cooper, 
I.E.S., E. V. David, A.W.S., R. W. Flynn, 
A.S.M.E., G. O. Hiers, A.S.T.M., C. R. 
Keith, S.M.P.E., R. E. Kirk, A.C.S., H. 
O. Klinke, A.W.S., T. G. Moore, A.I.M.E., 
W. C. Rhodes, Jr., A.S.T.E., J. J. Hogan, 
A\S.T.E., L. P. Scoville, A.I.Ch.E., B. H. 
Self, A.S.S.E., J. E. Shepherd, I.R.E., W. 
A. Sherbrooke, A.S.H. and V.E. 

The nucleus of the Technical Societies 
Council of New York, Inc., was a war pro- 
duction committee organized during the 
early days of the war at the request of 
Donald M. Nelson, and subsequently 
under the direction of J. A. Krug. Follow- 
ing the war it was disbanded after serving 
the government in many ways. 

The detailed purposes of the Council 
are: 

To provide a medium for consultation 
and advice by the member societies on 
matters of mutual interest. 

To encourage interest and participation 


in public affairs which are scientific or tech- 
nical in scope. 

To cultivate greater appreciation by the 
public of the part which engineering, 
science and technology contribute to hu- 
man welfare. 

To provide a means of more effective 
public service by the members societies. 

To encourage greater unification of the 
interests of the engineering, scientific and 
technical societies and to cooperate in a 
general program for the enhancement of 
the status of their members. 

To promote coordination and integra- 
tion of inter-organization activities of the 
member societies. 

To publish information of interest to the 
member societies. 

To cooperate with organizations having 
similar objectives in other communities. 

The Council was incorporated under the 
laws of the State of New York and the 
certificate of incorporation was signed by 
Thomas J. Curran, Secretary of State. 


MACHINE TOOL SHOW 


Months in advance of the opening of the 
event, the 1947 Machine Tool Show to be 
held in Chicago in September has captured 
the interest of industrial executives 
throughout America, as well as the rest of 
the world, judging from the deluge of re- 
quests for advance information being re- 
ceived daily by the National Machine Tool 
Builders’ Association. 


The theme of the show is ‘‘More Goods 
for More People at Lower Cost,”’ and the 
men who make the goods for the nation’s 
consumers know that this is no idle slogan 
The machine tools that will be shown iy 
Chicago are truly the master tools of in 
dustry which will enable industry to pro. 
duce more and better things for more 
people. 

The Show will be held in the Dodge. 
Chicago plant, the only factory building in 
the world large enough to hold an exhibit of 
such magnitude, from September 17 to 26. 
inclusive. More than 1000 machine tools 
and related equipment and appliances will 
be shown in actual operation. 


X-RAY DIFFRACTION LITERATURE 


A new 6-page folder (R1063) entitled 
“Industrial Control with X-ray Diffrac- 
tion’”” has been announced by North 
American Philips Co., Inc., 100 E. 42nd 
St., New York City. 

The text material describes the prin- 
ciples of X-ray diffraction and how it is 
performing difficult jobs in modern in- 
dustrial applications. Typical X-ray 
diffraction film is shown and explained. 

Geiger-counter X-ray Spectrometer is 
discussed in connection with qualitative 
and quantitative analysis work. Article 
utilizes photos and charts for illustrations 

The author gives an extensive list of in- 
dustrial applications including the follow- 


... and operations such as welding and 
cutting heavy sections with hand 
torches, flame hardening and softening, 
flame cleaning ... also any installation 
where a battery of cylinders is required. 


Cutting 


You NEED THESE MANIFOLDS... 


REGO 
Oxygen 
Manifold 


Acetylene 
Manifold 


@ Added Convenience... Individ- 
ual shut-off valves at each cylin- 


BECAUSE OF 
der station permit the removal THESE ADVAN TAGES... 
of any cylinder without shutting 


down one side of the manifold. Master shut-off 
valves control flow of each bank of cylinders. 

@ Unit Construction ...Header assembly, mounted 
to steel I-beam, is virtually one piece. Extra-heavy 
pipe is run through header fittings, cylinder 


station shut-off valves and 
master shut-off valves with all 
permanent connections silver- 
brazed. 

@ Precision Regulation...Uniform delivery pressure 
is assured by large capacity two-stage Regolators. 
@ Exacting Tests .. . Every RegO Manifold is 
subjected to a sustained air pressure test before 
shipment. 


RE 
There Is A RegO Manifold to Fit Your Most Exacting Requirements 


BASTIAN- BLESSING?" 


4201 W. Peterson Avenue Chicago 30, Illinois 
Pioneer and Leader in the Design and Maonstacture of Precision Equipment For Using and Controlling High Pressure Gases 


Manifolds for Oxygen Acetylene .. . Hydrogen 
. .. Nitrogen and other high pressure goses 
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toward better production welding 


“Getting in touch with Page” doesn’t 
always mean ordering a shipment of 
welding electrodes or rods. Sometimes 
it means getting some up-to-the-minute 
information on the right size or analysis 
of rod—the most efficient welding tech- 
nique—how some other welder has 
licked the same kind of problem that 


comes up in your plant. 

Your PacE distributor is a responsi- 
ble source for all types of electrodes 
and rods—specializing in PAGE-Alle- 
gheny stainless steel. And if he doesn’t 
know the answer to your welding ques- 
tion, he can get the answer from a PAGE 
Field Service Man. So we say... 


Get in touch with your PAGE Distributor 


ADVERTISING 


Hey'l 
| | 
or 
if ' Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Los Angeles, New York, Philadelphia, Pittsburgh, Portland, San Francisco, Bridgeport, Conn. Zi 
PAGE STEEL AND WIRE DIVISION 
3 
MARK \W 


A.C.WELDERS 


MARQUETTE WELDERS FIT 
INTO ANY WELDING PICTURE 


Throughout the nation in factories, mines, found- 
ries, tool and die shops, maintenance departments 
and on production lines, Marquette “Instant Arc” 
A. C. Welders are producing better, faster welds 


at lower cost. 


On light gauge sheet metal Marquette’s “In- 
stant Arc Striking” means faster welding because it 


is so easy to strike and hold the arc. 


On heavy 


welding jobs, the Automatic Voltage Control re- 
duces spatter and assures the best arc. 

Versatile Marquette Welders are truck mounted 
for easy mobility. Maintenance men find hundreds 


of jobs they can do bet- 
terand cheaper by 
welding ... such as 
building racks, bins, 
guards, trucks, etc. 


Marquette Welders are economical 
Three Ways. . . Low Initial Cost... 
Low Maintenance Cost and Low 
Operating Cost. Marquette's special 
tranformer design gives you “In- 
stant Arc Striking” withowt extra high 
frequency or booster gadgets. Model 
262C has built-in Capacitor for High 
Power Factor. Telnic Bronze plugs 
and sockets in high heat stages. Ex- 
clusive A.C. features of Balanced 
Polarity and No “Magnetic Blow.” 
Models 262 and 262 C(With Capaci- 
tor) 20-275 amps.; 261 and 261 C 
(with Capacitor) 20-200 amps. 
8 additional models from 125 to 400 
omps. 


Sold Exclusively thru 


the Nation’s Leading Distributors. 


MARQUETTE MFG.CO.INC. 


MINNEAPOLIS 14, MINN. 


EQUIPMENT 
A.C. ARC WELDERS - ELECTRODES 
GAS WELDING And CUTTING EQUIPMENT 
ACETYLENE GENERATORS - ACCESSORIES 
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ing fields: 


Mineralogical, 
Petroleum, Rubber, Paint, Cement, Fe, 
tilizer, Metals, Organic and Biologic, 


Geologic) 


Chemistry, Pharmaceuticals, 
and Refractories, Water 
Welding, Electroplating, Corrosion R 
sistance Coatings, Internal Combustio, 
Engine Engineering, Public Health, Fiber 
Paper, Wood, Textiles, Plastics and Cy 
alysts. 

The new folder will be of considerabj; 
value to those desiring to know more aboy 
this new X-ray tool of industry. 


Cerami 
Purificatio, 


ENGINEERING AND MARINE 
EXHIBITION 


The Engineering and Marine Exhibj 
tion at Olympia, London, Aug. 28 to Sept 
13, will present at least one interesting 
refutation of the carefully circulated ston 
that British Industry—tied by cripplix 
controls, shortages of raw material, ma 
power and fuel—has neither the resilience 
nor the initiative to weather the inte 
national marketing storms. 

Never in the long and successful histoy 
of this Exhibition have the organizes 
F. W. Bridges & Co. Ltd., had to pla 
their space on such ample lines. Thi 
year’s exhibition embraces the whole ¢ 
the Main Hall and National Halls « 
Olympia together with their galleries, « 
increase of over 45% on the 1937 exhil 
tion. Every available square foot of thi 
space is taken, mostly by firms who! 
years have been regular supporters of th 
leading British exhibition. Also repr 
sented are many newer industries who 
advent is an index of the vast war-induce 


subdivision and_ specialization in th 
trades ancillary to shipping and engineer 
ing. 

In the Foundry Section—a featur 


started some years before the war-t 
contrast between the production method 
of pre- and postwar eras will be vivid 
demonstrated by the exhibits. The mar 
of mechanization, the wide increase in! 
use of electricity and compressed 

the improvements in lifting and shiftm 
equipment will tell their own story 

The Welding Section, too, reflects ! 
considerable advances which have & 
made in this most important subs 
the engineering industry. Here, bot! 
electrical engineer and the machine! 
designer have made their presence felt 
their influence is written large upo!' 
many up-to-date welding and 
plants and their accessories which wl 
on show. 

Of considerable technical and pop 
interest will be the demonstrations ' 
divers of underwater metal-cutting 
torch. A great glass wall tank will pem 
of close inspection of the methods @ 
ployed and the apparatus will x plain 
in detail by the exhibitors cooperatté! 
this particular feature. 

Among the new sections is | 
to electricity, embracing the hole 
of generation, transformation distribu 
and utilization of power in en, neering 
shipboard and in signalling. 
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Here you see a seam made by a tungsten arc 
operating in an argon atmosphere. No flux is used. 
There is no cleaning of the weld afterwards. The 
weld is homogeneous and solid throughout . . . no 
slag inclusions and trapped flux to cause weak spots. 

The tungsten-argon weld is great news for weld- 
ers of aluminum. Costs are low when you consider 
the freedom from after-weld cleanup and flux 
removal. Welds have high strength. Can be made 


MORE people want MORE aluminum for MORE uses than ever 


either by hand-held torches or automatic equip- 
ment. Any competent welder can use the equip- 
ment and the process. 

Complete information on the tungsten-argon 
weld and all other types of welding for aluminum 
are contained in the booklet “Welding and Brazing 
Aleoa Aluminum”. Write for a copy today. 

ALuminuM Company America, 1933 Gulf Bldg., 
Pittsburgh 19, Pa. Sales offices in leading cities. 
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WELDING SUPPLY ASSOCIATION 


The Third Annual Convention of the 
National Welding Supply Association was 
held at the Hotel Benjamin Franklin on 
Monday and Tuesday, May 5th and 6th, 
was attended by over one hundred mem- 
bers and guests and was an outstanding 
success. 

All who were present were greatly in- 
terested in the Program and considered 
the Meeting most constructive. 


New Officers 


The following officers, Members of the 
Executive Committee and Board of 
Trustees were elected: 

President, Ralph E. Chase, Chase Weld- 
ing Supply Co., Benton, Ill.; Senior Vice- 
President, R. S. Mars, W. P. & R. S. Mars 
Co., Duluth, Minn.; Vice-Presidents— 
Howard Proctor, Acme Welding Supply 
Co., Houston, Tex.; V. S. Rice, Virgina 
Welding Co., Charleston, W. Va.; W. T. 
Peters, Welders Supply Co., Portland, 
Ore.; J. N. Alcock, Saginow Welding 
Supply Co., Saginaw, Mich.; J. W. Albis- 
ton, Maine Oxy-Acetylene Supply Co., 
Auburn, Me. 


Executive Committee 


G. G. Garman, Chairman, Purity Cylin- 
der Gases, Inc., Grand Rapids, Mich.; R. 
C. Waldie, Williams & Co., Inc., Pitts- 
burgh, Pa.; H. Savage, Arizona Welding 
Equipment Co., Phoenix Ariz.; George 
Sommerfeld, Sommerfeld Welders Supply, 
Oshkosh, Wisc.; J. W. Richards, Welders 
Sales & Service Co., Youngstown, Ohio; 
R. E. Chase, Chase Welding Supply Co., 
Benton, Ill.; C. A. Anderson, Anderson 
Equipment Co. Los Angeles, Calif. 


Board of Trustees 


Term expires 1950: W. T. Peters, 
Welders Supply Co., Portland, Ore.; 
H. W. Proctor, Acme Welding Supply Co., 


Houston, Tex.; W. J. Bentley, Bentley 
Sales Co., Milwaukee, Wisc.; R. S. Mars, 
W. P. & R. S. Mars Co., Duluth, Minn.; 
E. C. Caluwaert, O. K. I. Welding Supply 
Co., Cincinnati, Ohio. 

Term expires 1948: W. R. Boyd, Boyd 
Welding Co., Erie, Pa. (to fill unexpired 
term of J. D. Hopper). 

At the Meeting of the Board of Trustees 
and Executive Committee on Saturday, 
May 3rd, members voted unanimously to 
employ the office of Fernley and Fernley, 
Philadelphia, Pa., to handle the secretarial 
work of the Association: Sec.-Treas., 
Robert C. Fernley, 505 Arch St., Phila- 
delphia, Pa.; Advisory Secretaries— 
George A. Fernley and Thomas A. Fernley, 


ANNUAL MEETING 


American Welding Society 

and 

» National Metal Congress 
and Exposition 


Chicago, Oct. 18-25 


SAFETY STANDARDS 


A catalog containing a list of approxi- 
mately 200 standards covering safety and 
industrial health is now available to safety 
engineers, legislators and others interested. 

The 20-page booklet not only lists the 
standards, but gives a brief description of 
their contents to make it easier for those 
interested to locate standards concerning 
their own particular field. 

“The development of these safety stand- 
ards under the A.S.A. is evidence of one 
particular phase of industrial self-regula- 
tion that has met with an unusual degree 
of success mainly because industrial repre- 


sentatives have a direct part in their 
formulation,” the foreword to the catalog 
explains. 

“Industries, like people, and more will- 
ing to abide by regulations which they set 
up for themselves than they are to follow 
rules laid down by some external agency. 

“Because the provisions incliided in 
these standards represent a crystallization 
of the accumulated wisdom of industrial 
experience and are the result of painful 
trial and error in many cases, they consti- 
tute a symposium of the best methods of 
meeting the technical problems of safety, 
and therefore they become the guides for 
industry and are voluntarily adopted and 
followed.” 

The A.S.A. Safety Code Correlating 
Committee which has been in charge of 
the development of these standards, is 
headed by W. R. Smith, safety engineer of 
the Public Service Electric and Gas Co, 
Newark, N. J., representing the Electric 
Light and Power group. Twenty-six 
technical and trade organizations are 
represented on the correlating committee 


ATLAS BUILDS NEW PLANT 


Atlas Welding Accessories Co., 707 E 
Lewiston Ave., Ferndale 20, Mich., manu- 
facturers of welding accessories, has built a 
new plant located at the foregoing address 


This company specializes in manufac- 
turing Weld Cleaning Tools, and is now 
manufacturing a new line of All-Meta 
Hammers of all descriptions. 


FOR SALE 


25/20 Type #310 


20,000 lbs. 
20,000 lbs. '/,” 


Philadelphia, Pa. 


156 VASSAR ROAD 


STAINLESS STEEL WELDING ELECTRODES 


In Original Cartons. 


20,000 Ibs. */;.” Diameter — ‘‘Harnischfeger’’ Mfr. 
— “A. O. Smith” 
— “A. O. Smith” 


Price:—25¢ per lb. — Minimum order of 500 lbs., f.0.b. 


J. A. DOUGHERTY 
BALA-CYNWYD, PA. 


Mfr. 
Mfr. 


WELDING CONNECTORS 
Saxe Systern Welded Connection Units 


Saxe Units place in position and securely hold together structurs 
parts to be welded. of 

As used in many welded structures they eliminate all hole punch- 
ing, producing an economical, rigid, safe and quickly erected structurs: 


Write for descriptive literature 
J. H. Williams & Company 


for welded assembly 


Buffalo 7, New York 


G. D. Peters Company 
Montreal 2, Canada 
Canadian Representatives 


Butt 
Flash 


Spot 
Seam 
Projection 
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JUNIOR MODEL . . 220-440 volt, single phose, 


Capacity 1440 mids. self-contained, 1500 40 3000 volts d.c. 
Both modeis witable for rocker, press or rollepot welders, 
fully equipped with mechanical ond electrical safety devices. 


FOR HIGH -currenr. LOW-COST WELDING 


SENIOR MODEL. . . Stondard unit 220-440 volt, 3 phase, 
60 cycle. Also furnished for 550 volt, 25 or 50 cycle. Capacity 
2640 mid. self-contained, 3000 volts, or with auxiliary con- 
denser cabinet, additive from 240 to 10,000 mfd. in steps of 
120. Welds light-gouge ciumi at speeds up to 340 spots 
per minute, thicknesses up to ‘4 in. to 1A in, 


OF ALUMINUM AND STAINLESS... 


RAYTHEON CONDENSER WELDPOWER 
UNITS provide high current at low volt- 
age, and are particularly well-adapted 
for resistance welding of aluminum or 
stainless steel. They automatically sup- 
ply the selected amount of energy to the 
weld, regardless of variations in line volt- 
age of power supply. 

Since Raytheon Condenser Weldpower 
Units deliver far more power to the weld- 
ing transformer than the instantaneous 
demand on the power source, they draw 


much less power than equivalent A. C. 
welders, eliminate expensive power lines, 
and result in extra savings where current 


charges are based on peak load. 
Write for detailed information. 


Excellence tn Electronics 


WALTHAM 54, MASSACHUSETTS 


Tubes ond Accessories 


RAYTHEON MANUFACTURING COMPANY 
COMMERCIAL PRODUCTS DIVISION 


industrial end Commercial Electronic Equipment, Broadcast Equipmen, 


Sales Offices: Atlonta, Boston, Chicago, Clevelond, Lovisville, New York 


RAYTHEON CONDENSER WELDPOWER UNITS 
the 
| 
f 
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THREE-PHASE RESISTANCE WELDING 


Sciaky Bros., 4915 W. 67th St., Chicago, 
Ill., manufacturers of electric resistance 
welding machines, have issued two new 
bulletins describing the Sciaky ‘‘three- 
phase”’ resistance welding process. 


Bulletin 137-A is a summarization of 
the operation and advantages to be gained, 
while Bulletin 136-A offers a full descrip- 
tion for the technically minded. 

Either or both pamphlets will be mailed, 
without charge, to those interested upon 
receipt of request. 


POWER ROLLER OF WELDED 
DESIGN 


Cutting down a road roller from ele- 
phant-size to pony-size, and still keeping it 
rugged, is the accomplishment of the Steel 
Equipment Co. located at 2890 E. 83rd 
St., Cleveland. 

The design of the new roller, believed to 
be the first ever built for rolling lawns, 
driveways, golf courses, ball fields and 
other jobs where full-sized rollers would be 
impractical, is almost entirely of all- 
welded steel construction, according to re- 
ports on the development received by The 
Lincoln Electric Co., Cleveland. 

The roller builder is primarily in the 
business of making special equipment for 
steel mills and, because of its knowledge 
of the advantages and procedures of arc 
welding, immediately had the answer to its 
question on how to construct a miniature 
roller with the brute strength of a con- 
ventional machine. 

The new machine weighs approximately 
one ton, has a 3.5-ft. wheelbase and 42-in. 
body width. Weight cafi be increased 
when desired by adding a 600-lb. concrete 
block in the machine bed. 


Each roller section is of water-tight 
welded construction. It can be filled 
through an inlet in the side wall. The 
main chassis consists of '/4- by 5-in. plate 
with 3-in. channel ribs welded at intervals 
across the width for supporting the 
checker-plate flooring and for rigidity. A 
15-gal. tank over the large roller to supply 
water to the rollers is of 12-gage steel edge 
welded all around. 

The. future of 6-hp. gasoline motor 
roller lies in relieving man from the weary 
job of pushing a heavy roller over large 
areas rather than as a replacement for 
large rollers. It is ome more product 
chalked up for better living which has been 
made possible by the economies of arc 
welded construction. 


RESISTANCE WELDING ELECTRODE 
HOLDER 


Weiger Weed & Co., 11644 Cloverdale 
Ave., Detroit 4, Mich., announce a new 
ejector type resistance welding electrode 
holder (Fig. 1). The electrode is a sturdy, 
dependable product with the following 
features: 

1. Itisleakproof. Regardless of water 
pressure or temperature the water seal re- 
mains tight. 

2. It is equipped with a hard-alloy 
taper socket of high electrical conductivity. 
This socket will not get out of round or 
leak during the life of the holder. 

3. The water flow is more than ade- 
quate. This assures proper cooling of tips 
and consequently, longer tip life. 

4. The holder itself is of rugged con- 
struction. It has a '/s-in. diameter, 
hardened stainless steel knockout plug, 
double bearing support for the plug and a 
stainless steel ejector tube. 

5. The knockout plug has a positive 


Buy ‘Proven Fluxes’’ with Years of 
Guaranteed Satisfaction behindthem 


Ask for Them 

A Flux for every metal: 
for bronze-welding cast iron; 
Aluminum; 


Paste Flux. 


The Trade-Name is “ANTI-BORAX” | 
Unequalled for Quality 


Cast Iron Welding Flux | 
No. 1; Brazing Flux No. 2; Braz-Cast Flux No. 4 
“ABC” Aluminum 
Flux No. 8 for sheet Aluminum and all alloys of 
Stainless Steel Flux No. 9; 
Selder Brazing Flux No. 16; No. 16 Silver Solder 


ANTI-BORAX COMPOUND COMPANY 
Fert Wayne, Indiana 


Silver 
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Time Counts - 
Gas cut and Weld wit, 


SHAWINIGAN PROD 
CORPORATION 
EMPIRE STATE BUILDING, NEW YORK 1,N.Y. 


SPRING RETURN, OOUBLE 


} 

| 

AND ENCLOBED 444K PROOF 

| SEAL 

STAINLESS -STELL KNOCKOUT Tune 


2 - HARD, HIGH CONDUCTIVITY 
| ALLOY TIP- SOCKET. 


+ 
Fig. 1—Water Cooled Holder Ejector-Type 


spring return. This assures free wat 
ports and proper seating of the electro 
tip. 

Figure 2 shows an adjustable hor 
clamp and ejector holder assembly whi 
has met favor in a number of large met 
working plants. 

The clamp allows adjustment of 1! 
holder in three positions of 15, 30 and 4 
from the vertical. By rotating the hor 
any angle can be used in the other plan 


_ pm 


- 


Fig.2— Adjustable-Horn-Clamp and Eject! 
Holder-Assembly 
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Tailored to Fit 
Your Resistance Welding 


Requirements 


For your convenience in ob- 
taining cast Mallory alloys in 
your locality, the following 
foundries are licensed to supply 
the same high quality alloys 
as those manufactured in our 
Indianapolis plant. 


City Pattern Works, Inc. 


1161 Harper Ave. at Rivard St. 
Detroit, Michigan 


Commerce Pattern Foundry & 
Machine Co. 

7450 Melville Ave. 

Detroit 17, Michigan 

Non-Ferrous Foundries, Inc. 

2205 N. Sherman Drive 

Indianapolis, Indiana 

Philadelphia Bronze & Brass Corp. 

22nd and Master Streets 

Philadelphia, Pennsylvania 

Railway & Industrial Engineering 


Greensburg, Pennsylvania 


TC ELKONITES® 
A New Series of 
Mallory Refractory Alloys 


IGHER electrical conductivity and hardness, greater resistance to oxidation 

and wear—you get these characteristics in TC Elkonites more than in any 
comparable resistance welding alloys. What’s more, these new Elkonites are 
graded in hardness and strength so that they meet nearly every require- 
ment for projection welding, flash and butt welding, electrical upsetting 
and electroforging. 
Of the four grades in the TC series, one, for instance, is designed for projection 
welding where pressure is not extreme. Another is especially suited to elec- 
trical upsetting dies where high strength and hardness are required. Still 
another, extremely hard, is made for very difficult electrical upsetting and 
electroforging applications. The fourth is designed for various uses—cross-wire 
welding, electroforging, extremely high-pressure projection welding. Name 
the job you have in mind: there’s a TC Elkonite made to measure. 


TC grades are available in all standard sizes that other Elkonites in the past 
have been supplied. We are in a position not only to fabricate the materials, 
but to build dies and electrode assemblies of them. You are invited to write 
in for more information regarding the use of TC Elkonites for your partic- 
ular application. 


*Reg. U. S. Pat. Off. 


In the United Kingdom, made and sold by MALLORY METALLURGICAL PRODUCTS, LTD. 


(An Associate Company of Johnson, Matthey & Co., Limited), Hatton Garden, London, E. C. 1. 


P.R. MALLORY & CO., INC., INDIANAPOLIS 6, INDIANA 


P.R.MALLORY & CO inc. 


MALLORY 


SISTANCE WELDING MATERIALS 


ELECTRODES —HOLDERS —SPECIAL DIES AND 
FIXTURES —ELKONITE*—ALLOY ROD AND BAR 
STOCK — FORGINGS — CASTINGS — ACCESSORIES 


*REG. U.S. PAT. OFF 
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The universal features of this assembly 
will in many cases eliminate the use of off- 
set electrodes. This assembly should be of 
interest to any plant which has occasion to 
change setups frequently. 

The holders are now available and can 
be shipped from stock. Other barrel 
lengths and taper sockets can be made to 
specification. The horn, clamp and holder 
assemblies can be shipped promptly. 


45,000 TONS OF SCRAP METAL 


The luxury liner Normandie is now being 
cut up into scrap for next year’s automo- 
biles and refrigerators. Once the fastest 
liner on the Atlantic, the Normandie is now 
a “‘scrap metal mine’”’ furnishing 200 to 300 
tons of badly needed scrap steel every day 
to American Steel mills. 


Workers are using oxyacetylene cutting 
blowpipes to cut the deck and side plate 
and partitions into sections that can be 
loaded into railroad cars. 

At the end of each day the loaded cars 
are shipped to a scrap broker who in turn 
consigns the metal to the steel mills. The 


SIZES 1/4 TO 300 KVA. 
RS, i FOR MANUAL, AIR, MOTOR, 
: OR ELECTRONIC OPERATION. | 
also BUTT, ARC, and 
GUN WELDERS 


scrapping is being done at Port Newark, 
N. J., by Lipsett, Inc. 


SILVER ALLOY BRAZING LAWN 
MOWER ROTORS 


This is an interesting metal joining op- 
eration for several reasons. The outstand- 
ing feature is the joining of three steel 
parts—a spider, drive shaft and bearing 
retainer—in one operation. This is being 
done by Reading Hardware Co. in fast 
time with alignment between the parts 
held to close tolerances. 


Parts come to the brazing station 
cleaned and ready for assembly. A girl 
assembler first places four spiders in a ce- 
ramic fixture and brushes the center hole 
of each with Handy Flux. A °/s-in. I.D. 
ring of Easy-Flo brazing alloy made from 
3/,-in. diam. wire is then slipped on the 
drive shaft and the end of the shaft and 
the brazing alloy ring are liberally brushed 
with flux. A bearing retainer is placed 
over the shaft end and the two parts are 
then inserted in place on the spider. The 
fixture with four such assemblies is ready 
for the heating operation. 

An induction heating unit with two 
brazing stations is equipped with jigs for 
aligning and maintaining close tolerances 
between parts, especially between the 
drive shaft and bearing retainer. The 
fixture holding the four assemblies is 
placed over the heating coils and al) heat- 
ing is done from the bottom. After con- 
siderable experimenting this was found to 
be’ the most practical method. Heating 
coils do not interfere with the operation 


of the jigs which are lowered over the parts 
while heating. Heat can be concentrated 
on the heavier parts—the drive shaft and 
the spider—thus preventing warping in 
the lighter gage bearing retainer. With 
coils so arranged the brazing alloy is 
drawn through the joint bonding the parts 
together accurately and permanently. 
Four assemblies are brazed at one time. 
It takes but 30 sec. or an average of 7!/; 
sec. each. With two brazing stations, one 
heating while the other is loaded a produc- 
tion of 3840 units can be maintained per 8- 
hr. day. Final inspection calls for a full 
ring of alloy around the end of the drive 
shaft. Each part is given a shock test. 


W. J. CAMPBELL GOES TO ATLANTA 
AS G-E ARC WELDING SPECIALIST 


W. J. Campbell, General Electric welti- 
ing engineer, will take on duties July 1 as 
G-E arc-welding specialist for the south- 
eastern district, with headquarters in At- 
lanta, Ga. In his new position Mr. Camp- 
bell will cover the states of North Carolina, 
South Carolina, Tennessee, Georgia, Flor- 
ida, Alabama, Mississippi and part of 
Louisiana. 


OF ALL TYPES 


SPOT WELDERS! 
PSS 


TRANSFORMERS 200-KVA 
OIL IMMERSED 


TIP CLEANING DRILLS 
Mounted in Knurled 


BRASS Handled 


LARGE STOCK 
PROMPT DELIVERY 
NO RATING REQUIRED 


DISTRIBUTORS WANTED 
NEW MEXICO STEEL CO. 


Box 691, Albuquerque, N. M. 


TRANSFORMERS! 
For Furnaces, Lighting, Distribution, Power, Auto 
Phase Changing Welding, and Special Jobs. 
AIR, OIL, and WATER COOLED. Sizes 1/4 to 300 KVA. 
CHARLES EISLER 
EISLER ENGINEERING CO., INC. 


779 South 13th St. (Near Avon Ave.) NEWARK 3, N. J., U.S.A. 
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A ELECTRONIC AUTOMATIC 


WELDING mackiue 


The advantages of mech- 
anized AutomaticWelding 
are illustrated in Bulletin 
53. Write for your copy. 


NIAGARA MACHINE AND TOOL WORKS 


@ One man operation, faster welding, less passes per seam, stronger and 
better quality welds at lower labor costs are made possible by this new 
Niagara Electronic Automatic Welding Machine. 

Electronic control provides variable speed of the machine along a 
track so that the length of welding is governed only by the track length. 
Welds perpendicular to the track are accomplished by traveling the weld- 
ing head at a variable speed along the cantilever beam. Centralized finger- 
tip, push button control quickly brings the power elevated beam to any 
height position thereby providing maximum speed in changing from 
one setup to the next whether the job be a long slender member or a 
massive frame. 


District Offices: CLEVELAND ¢ NEW YORK e DETROIT 


637-697 NORTHLAND AVE., BUFFALO 11, N. Y. 
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A graduate of Tri State College with a 
degree in mechanical engineering, Mr. 
Campbell joined the General Electric 
‘Company in 1941. As a member of the 
company’s Electric Welding Division, he 
has worked on application engineering as- 
signments since October 1945. He is a 
member of the AMERICAN WELDING So- 
CIETY. 


NEW AIRCO RESEARCH LAB 


One of the most modern of postwar in- 
dustrial plants is the new mechanical re- 
search laboratory at New Providence, near 
Summit, N. J., erected with Ingalls fabri- 
cated steel by The Ingalls Iron Works Co. 
of Birmingham, Ala., and Verona, Pa., for 
the Air Reduction Sales Co. of New York. 

The main building, T-shaped for greater 
efficiency, contains 107,727 square feet of 
floor space with 53,515 square feet of 
ground area. It is of ultra-modern, func- 
tional design with all-welded steel frames, 
reinforced concrete foundations and floors, 
and brick walls with continuous steel-sash 
windows. The main building is two stories 
in height, except for the center portion 
where a third story will house a modern 
cafeteria. 

Principal interior features are welded 
pipe lines for the distribution of oxygen, 
acetylene, nitrogen and other industrial 
gases, specially constructed rooms for ex- 
periments in the combustion of gases and 
the processing of metals, modern fluores- 
cent lighting fixtures and movable steel 


partitions permitting maximum 
bility of interior working space. 

A technical library will be provided and 
a historical exhibit of welding and cutting 
equipment dating back to the turn of the 
century. 

More than 150 engineers, metallurgists, 
physicists, chemists and laboratory tech- 
nicians will be employed in the new labora- 
tory, which will house equipment for re- 
search in and development of processes and 


flexi- 


ALL-WELDED CARRYALL 


The Lake Ida Welding Shop, Winter 
Haven, Fla., announces a new welded 
“Carryall.” 

This ‘‘Carryall’’ is utilized to transport 
choppers, disk plows and similar machin- 
ery around the farm. The ‘“Carryall,’’ on 
which a patent is currently pending, is 
made of tubular members and is of all 
welded construction, utilizing the shielded 
are process. 


apparatus for using industrial gasés and 
the electric arc. 


The unit is 15 ft. 4 in. long, 52 in. wide, 
49 in. high and weighs only 600 Ib. 

As illustrated in the photograph, */s-in. 
cables are hooked onto the implement that 
is to be carried and it is then elevated into 
position by use of hand winches. 


Photo, Courtesy Lincoln Electric Co. 


ANNUAL MEETING 


American Welding Society 
and 
National Metal Congress 
and Exposition 
Chicago, Oct. 18-25 


WANTED 
EXPERIENCED WELDING DESIGNER 


Capable of re-designing cast iron textile 


machinery. New England 
Excellent future 
Address all replies to Box V-211 
The Welding Journal 


NET MONTHLY ADVERTISING RATES 
Black and White 


Effective Jan. 1, 1946 


Space 


Twelve 


Three Six 
Insertions | Insertions 


Insertions 


*Full Page 


$125 | $115 


Half Page 


70 65 


Quarter Page 


45 


Eighth Page 


25 


*Inside Preferred 


170 145 135 


10% Extra for bleed full pages. Color $50 extra per color sided 
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REVOLUTIONAR: 
RECTRODE FORGAUTOMATIC 
RC WELDING 


5/32"). Calle ge 36. Inches 
one weigh te 200 pounds net. 
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A.-C. WELDING SPEEDS TRAILER 
PRODUCTION 


Conversion from d.-c. to a.-c. arc weld- 
ing in the fabrication of large haul-away 
automobile trailers at the Trailer Di- 
vision of the Whitehead and Kales Co., 
Detroit, has resulted in increased produc- 
tion, a 30% reduction in operating costs 
and a 50% saving in plant floor space. 

Since an operator can weld in any 
position with a.-c. arc welding equipment, 
conversion at this plant has eliminated 
“roll overs” during final welds, making 
jigs no longer necessary. This saves floor 
space and makes possible a continuous and 
uninterrupted production line, on which 
the various subassemblies are welded to- 
gether. One trailer is turned out every 
hour. 

The trailers are welded throughout, with 
the exception of the side sheets, which are 
riveted into place. All types of welds are 
made, including overhead fillet, overhead 
butt, vertical up, vertical down, and flat. 

As a safety precaution, this company 


- has installed G-E voltage control on all 


their welding machines. When the welders 
are idling, the control disconnects them 
from the line and removes all but the con- 
trol circuit voltage (about 30 v.) from the 
welding leads. 


SYMPOSIUM ON ATMOSPHERIC 
WEATHERING OF CORROSION- 
RESISTANT STEELS 


This Symposium, presented at the 1946 
A.S.T.M. Annual Meeting is intended to 
give in convenient form an up-to-date 
picture, based on the latest data, of the 
behavior of the so-called stainless steels 
when exposed to the atmosphere. The 
publication incorporates a great amount 
of information and data that have been 
developed not only under the auspices of 
A.S.T.M. Committee A-10 on Iron- 
Chromium-Nickel Alloys but by leading 
organizations concerned with the problem. 
Subjects covered include: ‘Atmospheric 
Corrosion Tests on High-Chromium 
Steels,’ W. O. Binder and C. M. Brown, 
Union Carbide and Carbon Research 
Labs., Inc; ‘‘Corrosion-Resistant Steel 
for Architectural and Structural Applica- 
tions,’’ H. A. Grove, Central Alloy Dis- 
trict, Republic Steel Corp.; ‘Atmospheric 
Corrosion Tests of Corrosion-Resistant 
Steel Wires,” A. P. Jahn, Bell Telephone 
Labs.; ‘‘Corrosion-Resistant Steel Sheet 
in Marine Atmospheres,’’ Willard Mut- 
chier, National Bureau of Standards. 
Also covered by authorities in their field 
are the following: ‘‘Atmospheric Corrosion 
Tests on Corrosion-Resistant Steel,” 


Fig. 1 (Left)—Automobile Haul-Away Trailer Being Fabricated 
with Arc Welding, of S.A.E. No. 1012 Metal 


Fig. 2 (Below)—Finish "Arc-Welds Being Made in Fabricating 
with Arc Welding, Automobile Haul-Away Trailers on Production 
Line. Fabricated Parts Tack-Welded in Place Before Finish-Weld 


Grant L. Snair, Jr., Allegheny-Ludlum 
Steel Corp.; ‘‘Weathering Behavior of 
Corrosion-Resistant Steel Insect Screens,’ 
W. A. Wesley and H. R. Copson, The In 
ternational Nickel Co., Inc.; ‘Results of 
15 Years’ Exposure Tests on Corrosion 
Resistant Steels,’’ I. V. Williams and k 
G. Compton, Bell Telephone Labs 
Copies of this 92-page publication, heavy 
paper cover, can be obtained from 
A.S.T.M. Headquarters, 1916 Race St 
Philadelphia 3, Pa., at $1.50 per copy. 


DIE CASTING ROD 


All-State Welding Alloys Co., Inc., 
West Post Road, White Plains, N. Y., a2- 
nounces that a low-temperature welding 
rod for use on zinc-base die castings is 10" 
available in */3:-in. diameter, round form 
This small-sized diameter has been foun¢ 
ideal for most applications and is « 
tremely easy to apply. The rod has 4 
working temperature of only 400° F 
it has a high shear strength of 25,000 psi. 
and it gives a perfect color match. It ca! 
be used with or without a flux. 2 

This rod, known as All-State No. » 
zinc-base die cast rod, is excellent for r 
pairing radiator grilles, door handles, 
hinges, and all types of castings made 
from zinc-base die cast. 


Now Available! 


1946 BOUND VOLUME 


1946 Bound Volume of The Welding Journal containing 
the 12 issues of The Welding Journal for the year from January to and includ- 
ing December. Bound in imitation black leather covers. Limited supply. 
Price to Members $10.00; non-members $11.00. Order through the Ameri- 
can Welding Society, 33 West 39th Street, New York 18, N.Y. 
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McKAY MILD-STEEL ELECTRODES 


ELECTRODES ARE DESIGNED AND ENGINEERED in research 
laboratories . . . but they are performance-proved in the 
fabricating lines of industry. 


WHEN YOU WELD WITH MCKAY MILD-STEEL ELECTRODES, 
you are using electrodes which operate as efficiently and 
smoothly in your shop as they have in the many laboratory 
tests to which they were subjected before being marketed. 


Ir YOUR WELDING REQUIREMENTS demand the use of many 
types of mild-steel electrodes or if you use only one type— 
you can rely on McKay Mild-Steel Electrodes for smooth 
and uniform performance under all work uses . . . for 
superior chemical and metallurgical properties . . . and 
for excellent weld quality. 


SPECIFIC ADVANTAGES AND ECONOMIES which you affect by 
using McKay Electrodes will be gladly provided you upon 
request. The standard line includes a full range of mild- 
Steel, alloy-stee] and stainless-steel electrodes. 


McKAY MILD-STEEL ELECTRODES 
McKay AWS McKay A.WS 

E6012 £7011 
None 

J 


McKay AAS. McKay A.LS.L. 


McKAY SPECIAL-PURPOSE ELECTRODES 


Pluralloy 70 Pluralloy 100 Frogalloy M Tool & Die 
Pluralloy 90 Pluralloy 110 Frogalloy C Hardalloy 


j 
INQUIRIES INVITED . . . Whether it’s a problem of how to 
employ welding to advantage or which electrode to use 
for efficient results . .. McKay will help you find the answer. 
Write for valuable welding data. 


406 McKAY BUILDING - PITTSBURGH 22, PA. 
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NEW PRODUCTS 


JIGS AND FIXTURES FOR SHEET 
METAL WELDING 


A 12-page article reprint entitled ‘‘Jigs 
and Fixtures for Sheet Metal Welding”’ is 
now available according to a recent an- 
nouncement made by the Air Reduction 
Sales Co., 60 E. 42nd St., New York 17, 

The reprint, which originally appeared 
in three installments in ‘‘American Arti- 
san’’ covers jigs and fixtures in their appli- 
cation to sheet metal working. Parts 1 and 
2 of the article confine themselves to the 
metal joining processes applicable to the 
sheet metal field and simple jigs and fix- 
tures. The third part deals with more 
complex jigging problems. 

For copies of this reprint (ADR-42) 
write the above address or the Airco sales 
office nearest you. 


POWDER-CUTTING BLOWPIPE CUTS 
STAINLESS STEEL 


A hand-operated cutting blowpipe, for 
use with the powder-cutting process, has 
been developed by The Linde Air Prod- 
ucts Co. unit of Union Carbide and Car- 
bon Corp. With this blowpipe, oxidation- 
resistant materials, such as stainless steels, 
can be cut with the same ease as carbon 
steels are cut with standard equipment. 
There is no difference between the tech- 
nique of cutting ordinary carbon steels and 
powder-cutting with this blowpipe. With 
the proper nozzle, this blowpipe, known as 
the Oxweld AC-4 blowpipe, will cut stain- 
less steels, chrome alloys and cast iron up 
to 9 in. in thickness. 

In addition to the usual oxygen and 
acetylene hoses, the blowpipe has a third 
hose which conducts the powder from a 
powder dispenser by means of compressed 
air. When this iron-rich powder is burned 
in the oxygen stream, it increases the tem- 
perature and oxidizing effect of the oxygen- 
cutting action. The same valve lever that 
turns on the cutting oxygen also starts the 
powder flow. The valves are so arranged 
that the powder comes on slightly before 
the cutting oxygen to insure a start with- 
out preheating. 


The Oxweld AC-4 Powder-Cutting Blow- 
pipe 


The Society assumes no responsibility 
for the validity of claims in this Section 


NEW SILVER PASTE BRAZES 
CARBIDE TIPS 


Every user of carbide tool tips will be 
interested in this new simplified method of 
brazing these tips to steel shanks. 

The complicated procedure of cutting 
silver alloy foil to shape, preplacing so it 
does not slip, smearing flux, then having 
silver alloy scrap losses, uneven flow, etc., 
is all eliminated by the use of Nu-Braze 
silver alloy Diffusion Paste #50. 

This paste was developed specifically for 
brazing carbide tips. It consists of a new 
silver brazing alloy finely pulverized and 
then grourid with just the right proportion 
of a special flux. 

The flux contained in this paste begins 
to melt at 480° F. and protects both the 
carbide tip and the steel joint area with a 
liquid protective film before the heat- 
generated oxides can form. The viscosity 
of the flux is so extremely low that the 
molten brazing alloy component gently 
eases all of it out of the joint. 

To use, the tip is prepared in the usual 
way and Nu-Braze Diffusion Paste #50 is 
painted on the joint surfaces of the carbide 
tip with a small brush. The tip is held in 
position and heated. This paste is eco- 
nomical to use because there is no waste. 

Packed in 5- and 10-oz. jars, it is manu- 
factured by Sherman & Co., 197 Canal St., 
New York 13, N. Y. 


WELDING TEMPLATE 


Rapidesign, Inc., has just brought into 
the market the NO. 34 Welding Template 
for use in the drawing of standard arc, gas 
and resistance welding symbols, quickly, 
easily and accurately. The NO. 34 Weld- 
ing Template makes all welding symbols 
as shown in the American Standards 
Manual. It is made of 0.040-mathemati- 
cal-quality plastic. Standard symbols and 
notes are laminated between the template 
sheets and cannot wear off. All cut out 
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edges are beveled. Size of the template is 
23/, x 68/, in. with rounded corners. 

List Price, $1.25. Direct inquiries to 
Charles Baron, Rapidesign, Inc., P. O. Box 
592, Glendale, Calif. 


TWECOTONG ELECTRODE HOLDER 


The A-316 TWECOTONG Electrode 
Holder is a new addition to the line of In- 
sulated Tong Type Electrode Holders pro- 
duced by Tweco Products Co., Wichita, 
Kans. It is a smaller companion to the 
A-14 and A-38 Holders which have been on 
the market for some time. Its develop- 
ment fills the requirements of the average 
job shop or maintenance welder using 200 
amp. welding equipment. 


The A-316 features light weight, com 
pactness and ease of operation with a 95 
lb. bite on a */;¢-in. electrode. The tip and 
body insulation is molded laminated glass 
cloth bakelite using the patented ‘‘tubular- 


keyed’””’ TWECO design. The insulated 
spring is Neoprene covered. The cable 
connection is a simple clamp, plus socket 
for soldering when desired. 

General specifications are: Capacity 
1/\¢-through */;.-in. electrodes; 250 amp.; 
weight, 18 oz.; length, 9 in.; palm span 
23/,in. 


WRENCHES 


In response to many requests from the 
field, BMC Mfg. Corp., Binghamton, 
N. Y., has recently announced a special 
option available in the purchase of their 
No. 7 and No. 9 Pressure Lock Wrenches 
Now being offered along with the standard 
wrenches having red plastic handle in 
serts, are wrenches featuring a steel insert 
in the handle. The steel insert will resist 
heat more satisfactorily than the standard 
inserts when performing certain operations 
such as welding and brazing. 
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"WELDING ELECTRODES 


Better Welds Where Fits Are 
Poor—Remember, ‘‘PF'’ means 
for ‘poor fits'’ — a job it ex- 
cels at because it solidifies 
rapidly. ‘‘PF’’ is a mild steel 
electrode for all-purpose, all- 
position welding where deep 
penetration is not required. 


Smooth Weld Deposits are 
important for better appear- 
ance of your products. It's what 
you get with this P&H Electrode 
— even where fit-ups are poor 
and welding normally difficult. 


For Single Pass Welding — 
Designed for high welding cur- 
rents, ‘PF’’ handles easily for 
all single pass work. Puts down 
smooth weld deposits for bet- 
ter appearance. 


Fully Machinable — Round- 
ing out its versatility, *‘PF’’ de- 
posits can be machined as 
welded or heat treated. Try 
this unique production elec- 
trode today. 


WELDING 
ELECTRODES 


4551 W. National Ave. 
Milwaukee 14, Wisconsin 
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WEL WELDING PRODUCTION 
ELECTRODES : CONTROL SYSTEMS 
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NEW INSTRUMENT PURIFIES, REMOVES 
MOISTURE FROM GASES 
AUTOMATICALLY 


A new automatic device which removes 
oxygen impurities and eliminates moisture 
from gases has been introduced by Baker 
and Co., Inc., refiners of precious metals. 

Installed at any convenient point on the 
low-pressure line, the Puridryer purifies 
such gases as hydrogen so that less than one 
part in a million of oxygen impurities re- 
mains, and then dries the gas to dew points 
of better than —50° F. It may also be 
used with such gases as nitrogen, argon, 
neon and saturated hydrocarbons. 

The unit is cased in a black wrinkle- 
finish housing, upon which are two oper- 
ating dials and a green pilot light. To re- 
activate, the upper dial is turned to close 
off gas flow to the furnace. The lower 
knob starts the timing cycle, heats the dry- 
ing chamber and allows a small flow of gas 
to pass through the dryer. The small gas 
stream becomes saturated with moisture 
before passing through a newly developed 
Deoxo Converter, which combines the 
purging gas with the water vapor so that 
only water vapor will be expelled to the at- 
mosphere. When reactivation is complete, 
the green light glows to indicate the unit 
is ready for use. 


Capacity of Baker’s Deoxo Puridryer 
depends upon the moisture content as well 
as impurity of the incoming gas, which 


varies with each installation. Using 
bottle hydrogen of 99.7% purity, and a 
maximum flow of 50 c.f.h., pure gas, with 
due points better than — 50° F. for over 36 
hours of continuous operation, is attained. 
This is the equivalent of almost nine 
bottles of hydrogen. 

Baker’s technicians caution users not to 
subject the Puridryer to pressures in excess 
of five pounds’ gage. At 50 c.f.h. the pres- 
sure drop is 2'/s in. of water. 
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The catalyst used in the purification 
phase never requires reactivation. It 
should last indefinitely, it was stated, un- 
less poisoned by sulphur compounds, car- 
bon monoxide or some organic solvent 
vapors which are rarely found in com- 
merical hydrogen. 

Considered essential for atmosphere 
furnace application, Baker’s Deoxo Puri- 
dryer is also recommended for use in such 
fields as powder metallurgy, brazing, heat 
treatment, food processing, hydrogenation, 
vacuum tube manufacturing and others. 


NEW HIGH-PRODUCTION MASH 
SEAM WELDER 


A new, high-production mash seam 
welder, The Federal Triple Duplex Travel- 
ing Head Series Seam Welder, has been de- 
veloped by the Federal Machine and 
Welder Co., Warren, Ohio, a leading 
manufacturer of resistance welding equip- 
ment. The first unit has been delivered to 
the Seeger Refrigerator Co., St. Paul, 
Minn., where it is being used for making 
refrigerator food compartment liners for 
7-, 8-, 9- and 11-cu. ft. model refrigerators. 

From the electrical point of view, the 
machine is provided with three 300-kva. 
water-cooled welding transformers wound 
for 440-v., 60-cycle, single-phase a.-c. 
power supply, complete with individual 16- 
step heat regulators. One welding trans- 
former is mounted in each of the three 
dual welding heads. The welding wheel 
spindles are internally water cooled. 

The frame of the machine, composed of 
fabricated steel structural sections with all 
weldments fully stress-relieved, has special 
provisions for the traveling fixture carriage 
and the three traveling duplex seam weld- 
ing heads. The equipment has its own 
hydraulic system complete with hydraulic 
pumping unit and oil cooling reservoir for 
supplying hydraulic fluid under pressure 
to the welding head traveling cylinders and 
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fixture carriage actuating cylinder. Each 
of the six welding heads is provided with 
its individual air cylinder for applying 
weld pressure. 

- The welding heads are angularly 
mounted to accommodate the welding of 
the liners which occurs at a 45° angle. The 
welding heads are manually adjustable. 
both vertically and laterally, to accomino 
date welding of the various size liners 
Changes in weld travel length of the weld 
ing heads are accomplished by changing 
limit switch settings. 

The 20-gage steel food compartment 
liners are composed of three parts: th: 
wrapper, which forms the two sides and th 
back of the liner; and the top and bottom, 
which are welded to the ends of th 
wrapper. The formed liner wrapper js 
placed in the traveling fixture carriage and 
held in place by air-actuated clamps. Thy 
top and bottom of the liner are then placed 
in position at opposite ends of the wrapper 
and are held in position by air clamps s 
that they form a */j.-in. overlapping joint 
with the flanged ends of the wrapper. Th 
traveling fixture carriage moves into posi 
tion under hydraulic pressure and the sean 
welding heads operate simultaneously o1 
each end of the liner. Upon completion of 
the weld, the fixture carriage automatically 
moves out of the machine and the position 
ing clamps release the completed assembly 
which is then removed manually. 

The complete welding cycle takes 25 
sec. which gives a production of approxi 
mately 90 units per hour, using one oper 
tor and one helper for loading and unloa 
ing. With modifications, notably the a 
dition of a shuttle-type fixture carriag 
and enlargement of the hydraulic pumping 
unit, production on this machine can | 
raised to 180 units per hour, using 0 
operator and three helpers. With two m 
stationed at each end of the machine, : 
crew loads the shuttle-type fixture carriag 
while welding is being performed on t) 
liner assembly which is in position. 
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Further advantages offered by this 
revolutionary achievement in 
electronics are: elimination of “‘flicker’’ 
on the line, high versatility — 
machines can weld aluminum, 
magnesium, brass, etc., high efficiency 
is not affected by variation in throat 
depth or masses of steel 

introduced into the throat. 

Get the details on Three-Phase. 

Write for Bulletins 136 and 137-A. 


in Resistance Welding— 


“THREE-PHASE”’ 


ADVERTISING 


THINK IN TERMS OF SCIAKY BROS., Inc. 
4925 W. 67th St., Chicago 38, Ill. 


Why did “live” manufacturers 
invest over $1,500,000 in the 
past 12 months for Sciaky 


Because Three-Phase is the 
co answer to these long-standing 
mi resistance welding problems: 


* | In WELDERS USE 75% LESS LINE CURRENT 
mping 


rig ON A BALANCED THREE PHASE LOAD 
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The mash seam type of weld is superior 
to the standard overlapping type seam 
weld as it requires no finishing or dressing, 
and the enamel may be applied directly 
thereon. 

The mash seam weld is of such a quality 
and appearance that it requires no finish- 
ing or dressing prior to the application of 
porcelain enameling. Quality, consistency, 
high production and low unit cost—all are 
features built into this Federal Refrigera- 
tor Welder. 


POWDER-CUTTING ATTACHMENT FOR 
CUTTING STAINLESS STEEL 


A powder-cutting attachment for the 
standard Oxweld C-39 machine-cutting 
blowpipe has been developed by The Linde 
Air Products Co., unit of Union Carbide 
and Carbon Corp. The C-39 ACA-2 
attachment makes it possible for the C-39 
blowpipe to cut oxidation-resistant ma- 
terials, such as stainless steels, easily and 
much more economically than any previ- 
ous method. 


C-39 Blowpipe with C-39 ACA-2 Powder- 
Cutting Attachment 


With appropriate sizes of standard noz- 
zles, the C-39 ACA-2 powder-cutting as- 
sembly will cut all of the common types of 
stainless steels ranging from '/, to 3 in. in 
thickness at speeds of 20 to 7 in. per min., 
respectively. The ACA-2 was designed 
specifically for intricate shape-cutting, as 
well as for cutting straight lines and bevels. 
The C-39 ACA-2 will cut all types of stain- 
less steels with equal ease, as well as 
Hastelloy alloys, other high-alloy mate- 
rials, and cast iron. 

The ACA-2 attachment is composed of a 
powder valve, a powder nozzle and an in- 
terconnecting tube for powder flow. When 
an iron-rich powder is burned in the oxygen 
stream, it increases the temperaiure and 
oxidizing effect of the oxygen-cutting 
stream. High heat of combustion permits 
flying starts in cutting cold steel. 


PASTE FLUX FOR CAST IRON 


All-State Welding Alloys Co., Inc., 96 
West Post Road, White Plains, N. Y., 
announces the immediate availability of a 
paste cast iron flux for gas welding which is 
more economical and easier to use than the 
powdered flux it supersedes. Unlike the 
powdered flux, applied by dipping the 
heated end of the rod into the can, this 
paste flux is painted on the clean surface of 


(Continued from page 621) 
Mechanized Soft Soldering. Steel, vol. 120, no. 15 


Soldering. 
(Apr. 14, 1947), pp. 98, 123. 
Stainless Steel. 
C. C. Zimmerman and J. D. Mattimore. 


(Apr. 1947), pp. 27-28. 


Water Pipe Lines, Cold Weather Problems. 


Thawing. 
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Welding Procedure for Stainless Steel Piping, 
Heating, Piping & Air 
Conditioning Contractors Nat. Assn.—Official Bull., vol. 54, no. 4 


Elec. Eng., vol. 66, no. 2 (Feb. 1947), p. 177. 


the cast iron while the casting is still cold. 
It saves time—a single application of the 
flux is sufficient. The cast iron welding rod 
may also be painted with the flux in order 
to provide additional flux as the work 
progresses, without the possibility of wast- 
ing flux. Best results are obtained when 
the surface to be welded is ground, chipped 
or filed to a bright finish before painting 
with the flux. 

This flux is used in the repair of broken 
castings, salvage of defective castings, re- 
pair of pitted cast-iron molds, and correc- 
tion of machine shop errors. It protects 
against surface oxidation and prevents 
porosity in the finished weld. It is known 
as All-State No. 1A cast-iron flux. 


HISTORY OF THE ELECTRIC ARC 
WELDING INDUSTRY 


Ronald S. Wishart, Jr., a senior at 
Rensselaer Polytechnic Institute, Troy, 
N. Y., and a candidate for a degree in the 
Department of Chemical Engineering, 
won the $500 prize for the best history of 
the electric arc welding industry, en- 
titled “‘The Arc Triumphs.”’ C. I. Mac- 
Guffie, Chairman of the Arc Welding 
Section of N.E.M.A. and manager of 
sales, Electric Welding Division, General 
Electric Co., Schenectady, N. Y., pre- 
sented the award to Mr. Wishart at a 
dinner meeting of the Northern New York 
Section of the AMERICAN WELDING 
Society held at Troy, N. Y., May 28th. 

In making the award Mr. MacGuffie 
said, ‘‘The main reason for the contest was 
a need for this kind of historical informa- 
tion by an industry that had grown 
rapidly, that had developed libraries of 
technical data, but in which there seemed 


to be no bird’s-eye picture of what had - 


transpired in this highly competitive 
struggle, written from an impartial view- 
point. We congratulate you on the 
preparation of a historical summary of the 
Arc Welding Industry that contains a 
record of achievements, a touch of ro- 
mance and a related story of progress 
made. May it also be a challenge to the 
rising generation of engineers of greater 
achievements yet to come to this growing 
industry.” 

According to the rules of the contest 
only one prize of $500 was to have been 
given. However, another manuscript 
submitted by Henry Wilenius, a sopho- 
more at Wayne University, Detroit, 
Mich., who is majoring in mechanical 
engineering in the School of Engineering, 
received a vote from one of the three 
judges and the Arc Welding Section, after 
reviewing the paper, decided that it 
merited a special award of $200. 

The judges who decided the contest were 
Lester P. Aurbach, vice-president of 
Industry and Welding, Industrial Publish- 


Water Pipe Lines, River Crossings. oa 
Water Supply by Second Puyallup River Crossing. We 


editor of Welding Engineer, Weldiy 
Engineer Publishing Co., Chicago, [I]. 


and William Spraragen, editor, Ti 
WELDING JOURNAL, AMERICAN WELDry¢ 
Society, New York, N. Y. They wer 
guided in making their decisions by the 
following criteria: Accuracy, interest of 


presentation, source material and inte. B@ 


pretation. 

Ronald S. Wishart is 22 years olf 
For nearly two years he drove an amby 
lance for the American Field Service with 
the British and Indian 14th Army j; 
Burma. He lives in Rockville Centre 
L. I., but was born in Brooklyn. He ; 
sports editor on ‘‘Polytechnic”’ the campy 
newspaper, and belongs to Tau Beta P 
and A.I.Ch.E., as well as other societie 
He also has found time to be a varsity 
letterman. 

R. Henry Wilenius, the winner of th 
special award, was born 21 years ago ir 
Marquette, Mich. At 17, he entered th 
U. S. Map Service in Detroit, hoping ir 
this way to get into the Army Engineerin 
Corps. An eye injury precluded his e 
tering the Army so he entered Wayr 
University as a freshman. It has bee 
necessary for him to work as a draftsma 
and attend evening classes during his 
sophomore year. The $200 award 
has received will enable him to continu 
full time studies next Fall. 


Employment 
Service Bulletin 


POSITIONS VACANT 


V-209. Young Engineer with practica 
experience wanted for employment wit 
National Organization in standardizat 
program on welding. Ability to prepar 
reports desirable. Reply giving full pa 
ticulars as to age, education, experien 
and salary desired. 

V-210. Prominent engineering sc) 
requires instructor in welding theory 4 
laboratory, and several research fell 
to work on welding research projet’ 
Applicants must have B.S. degrees " 
engineering. Opportunity will be p 
vided for graduate study. 


SERVICES AVAILABLE 


A-546. Metallurgist. Age 27, «xp 
ence in gas and electric welding, s 
soldering, brazing and hard facirg. 
had 6 years’ experience involving phys 


testing, metallography, Magnaflus 

spection, heat treating, nitriding, ™ 
rials control and development, mac 
shop practice, writing of material and ™ 
treating specifications and met. inves" 


. failures 
tion and report writing of service failut 


Tacoma Doubles 


City, vol. 22, no. 2 (Feb. 1947), pp. 80-84. 


Welds, Defects. 
F. S. Dever. 


Use of Welders for 


THE WELDING JOURNAL 


Causes and Prevention of Welding or 
Iron Age, vol. 159, no. 16 (Apr. 17, 1947), PP." 

Wooden Construction. Modern European Practice Prom! 
Economic Use of Timber Structures, E. G. Stern 
(N. Y.), vol. 17, no. 4 (Apr. 1947), pp. 35-39. 
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“It can done!” 


MANY piping problems are solved 


with the use of welding fittings 


that it pays to see your Tube-Turn 


Distributor first. He handles the fitting 
that becomes part of the pipe. 
Tube-Turn welding fittings—engi- 


§ neered in design, built with closer toler- 


ances than code requirements, available 


) na wide variety of styles, sizes and 


materials—often offer just the right 


to what sometimes seems an 


impossible problem. Welding fittings for 
example, permit extremely close nest- 
ing without flow loss. Tube-Turn weld- 
ing fittings have uniform wall thickness 
and full circularity which allows them 
being cut and used at odd angles. Or- 
der one, one-hundred, or a thousand 
Tube-Turn welding fittings of the same 
size and part number and they will be 
dimensionally uniform. They can be 
and are being used in production line 


ADVERTISING 


assembly of equipment. 

For full information about the more 
than 4000 types and sizes in the com- 
plete line of Tube-Turn welding fittings 
and flanges—for details about the wide 
range of special metals and alloys—for 
the name of your nearest distributor, 
write to— 

TUBE TURNS, INC., LOUISVILLE 1, KENTUCKY 


District Offices at New York, Washington, D. C., Philadelphia, 
Pittsburgh, Detroit, Chicago, Houston, San Francisco, Los Angeles. 


tt Welding Fittings and Flanges 
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SECTION ACTIVITIES 


CHATTANOOGA 


The Chattanooga Section held its Tenth 
Annual Meeting on May 23, 1947, at the 
Chattanooga Golf and Country Club. 
W. B. Bayston as Master of Ceremonies 
kept the meeting running smoothly. R. 
M. Daniels, a former charter member but 
now Sales Manager for the Red Ball 
Battery and Supply Co., Shreveport, La., 
gave an interesting résumé on ‘“‘Contribu- 
tion of the Welding Industry in Recon- 
stucting the Post War World and Its Re- 
lation to Economic Stabilization.”’ 

Officers for the 1947-48 season were in- 
stalled as follows: 

Chairman, R. E. Brooks; Vice-Chair- 
man, J]. L. McElwee; Secretary-Treasurer, 
R. W. Baker; Program Chairman, P. O. 
Leach; Membership Chairman, Bruce 
Young, Jr. Executive Committee: C. R. 
Miller, H. H. Peek, Jr., R. E. Lorentz, Jr., 
G. G. Green, A. J. Moses. 

All present were in agreement that the 
first decade of the Section has been a suc- 
cess and greater advancements were hoped 
for the future. 


CHICAGO 


The May meeting was held on the 16th 
at People’s Gas Light and Coke Co. Audi- 
torium. Dinner at Burke’s Grille and 
Restaurant preceded the meeting. L. S. 
McPhee of the Whiting Corp. presented 
an interesting address on ‘“‘Jigs, Fixtures 
and Production Welding.”’ 


COLORADO 


The May 13th meeting was held at the 
Oxford Hotel, Denver. D. P. Scott, 
General Sales Manager, Alloy Rods Co., 
spoke on ‘‘Welding and Repair of Tool 
Steels and Fabricating of Composite 
Dies’’—a highly technical paper contain- 
ing new facts and developments. A 
Denver & Rio Grande Railroad Mainte- 
nance of Way film was shown following the 
presentation of the above-mentioned 
paper. Both the paper and film were very 
well received. 


COLUMBUS 


At the Annual Meeting of the Columbus 
Section held on May 9th, the following 
officers were elected for the ensuing year. 

Chairman, C. B. Voldrich, Battelle 
Memorial Institute Vice-Chairman, R. 
R. Grant, Jaeger Machine Co. Secretary- 
Treasurer, Geo. S. Herren, Seagrave 
Corp. Executive Committee: W. W. Ben- 
nett, D. J. Hull, Walter Hanes. 

A. E. Zeisel, Assistant to the President 
in Charge of Sales, Eutectic Welding Al- 
loys Corp., was the guest speaker of the 
evening. His talk was on “The Welding 
of Low-Temperature Alloys.’’ This paper 


was well received by members and guests 
present. A dinner meeting with 40 in at- 
tendance followed with approximately 
35 more for the technical session made it a 
very enjoyable evening for all. A min- 
strel show produced by the Battelle Play- 
ers Club rounded out the evening’s enter- 
tainment. 


DAYTON 


A Fish Fry and Stag Picnic was held by 
the Dayton Section on May 23rd at Valley 
View Grove. Games started early in the 
evening. Soft drinks and beer were fur- 


-nished by the Committee. After the Fish 


Fry, games were continued. Karl Taylor 
and his orchestra were the featured attrac- 
tion along with other entertainers. A 
good time was had by all. 


DETROIT 


The May 9th meeting was held at 
Racham Memorial Hall. The meeting got 
off to a good start with, first of all, techni- 
cal movies by the Air Reduction Co., 
titled, Keener Blade.’”’ The second 
item on the program was pictures on 
“Tool and Die Welding,’ by the Welding 
Equipment and Supply Co. The third 
item on the program was slides on ‘‘ Power 
Cutting and Scarfing,’’ by The Linde Air 
Products Co., V. E. Matthews, Engineer. 
The fourth item was a 15-minute picture 
on “Design for Arc-Welded Structures,” 
by The Lincoln Electric Co. The entire 
program had a good, clear-cut presenta- 
tion that held the interest of the operator 
and the engineer. There were 92 attend- 
ing the meeting. 


HARTFORD 


Annual Meeting and Ladies Night was 
held on May 15th at the University Club 
of Hartford. Dinner preceded the meet- 
ing. The speaker was Mr. Mario Sciaky, 
Sciaky Bros. Co., Chicago, whose subject 
was “Three-Phase Resistance Welding 
Machines.’”’ Mr. Sciaky, one of this 
country’s leading authorities in the resist- 
ance welding field, discussed the subject 
on which he has spent many years in re- 
search and development both here and 
abroad. 


INDIANA 


The Indiana Section held its dinner 
meeting for May on the 23rd at Buckley’s, 
Cumberland, Ind. D. C. Smith, Chief 
Metallurgist, Harnischfeger Corp., Mil- 
waukee, Wis., spoke on the subject ‘‘Arc 
Welding Electrode Coatings.’”’ Arthur 
Bender of the Engineering Department of 
Delco-Remy Division gave a coffee talk 
on ‘‘Quality Control.” 
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INLAND EMPIRE 


The following officers were elected at 
the April 22nd meeting of the Inland Em- 
pire Section: 

Chairman, Eugene B. LaVelle; Vice. 
Chairman, Frederick G. Miller; Secretary. 
Treasurer, Glenn Wilson. Committeemen- 
at-large: Clyde Warrior, Glenn C. Halla. 
day, Ted Williams. 


KANSAS CITY 


The regular monthly meeting of this 
Section was held on April 17th at the Rex 
Welder and Engineering Co. Dinner 
at Fred Harvey’s preceded the meeting 
Mr. Orville T. Barnett, Welding Engineer 
for the Metal & Thermit Corp., presented 
an address on ‘‘Welding of Low Alloy 
Steels.” 

A joint meeting of the American So- 
ciety of Tool Engineers and the Kansas 
City Section was held on May 15th at the 
Rex Welder and Engineering Co. Dinner 
at Fred Harvey’s preceded the meeting 
Speaker was P. D. Scott of Alloy Rods 
Co. who spoke on ‘“‘Repair and Fabrica- 
tion of Composite Dies.’’ Slides were also 
shown. A lively discussion followed. 


LOUISVILLE 


A Welding Conference sponsored jointly 
by the A.W.S. local Section and the Uni 
versity of Louisville was held on the after- 
noon and evening of Tuesday, May 27th 
at the Industrial Research Building 
Talks, discussions, exhibits and demon 
strations were given. At the evening ses 
sion a talk was given by W. Q. MclIntosh 
of the University of Louisville on ‘Test 
ing of Welded Specimens.”’ 


MARYLAND 


The Maryland Section’s May meeting 
was held on the 16th at the Baltimore Ex- 
gineers Club and was one of the best mee! 
ings of the season. Seventy-four members 
attended the dinner which preceded th 
meeting and 115 participated in the mee! 
ing, which was called the “Welding 5 °¢ 

This meeting was quite novel in that it 
employed the audience participation idea 
and every one in the room had an opp 
tunity to try to answer a question co 
cerning general welding knowled¢: J he 
questions were put to the audience 5) 
“Professor” E. B. Lutes who was uitably 
attired in cap and gown and pulicc away 
on a big fat cigar. The thre learned 
“Judges,’’ Messrs. Hilbinger, Humber 
stone and Ronay, were equ:!'y well 
dressed in high hats and were 4 led and 
abetted in making their grave «ecisiom 
by George Linnert’s “electronic, snooper 
sonic turboradar quasi-query ™ ‘ortome 
ter,” the mechanical brain whic! weighed 
the questions and ejaculated answef> 
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Guide vane assembly of Jeffrey 
Aerodyne mine-ventilating unit 
This consists of 15 cast iron vanes 
welded between inner and outer 
rings of heavy-gauge steel sheet 
with 5/32” Ni-Rod electrodes. 


Close-up of guide vane assembly. 
Note smooth appearance of welds. 
One bead around each corner is 
all that is needed to bond a vane 
securely to the steel rings. 


The Jeffrey Manufacturing Company, of Columbus, Ohio 
..makers of Aerodyne Fan mine ventilating units...were 
looking for a faster, simpler method of building their large 
guide vane sections. 


The stumbling block was the fact that the 15 vanes are 
iron castings. The inner and outer rings between which they 
are mounted, are steel sheet. Although welding seemed like 
the obvious answer, cast iron-to-steel joints have usually 
deen a crossed-fingers proposition. 


After experimenting with several electrodes, Jeffrey en- 
gineers remained convinced that their standard fabrication 
method was the only way. 

' Here’s what they had to do: Four slots had to be cast into 
each vane. In the thin sections between each pair of slots, 
they drilled two rivet holes. Then they had to cut out 60 
pieces of strip steel, drill them, and rivet them into the slots. 


Add that all up and it amounts to this: 60 holes drilled in 


the vanes, 60 pieces of steel cut to size, 120 more holes 


drilled in the steel strips, and 60 rivets to set. That makes 
and labor-consuming jobs on each assembly, not 


300 time- 


TEADE MAREK 
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to speak of a difficult casting job to put the slots in the vanes, 
and the final step, welding the steel strips to the rims. 

And then came NI-ROD* with the solution they were 
seeking. 

Ni-Rod quickly furnishes strong, sound deposits between 
the iron and steel. The smooth weld beads run all the way 
around each corner of each vane... and are made without 


preheating. 
* * * 


On the basis of this experience, look over your own fabricat- 
ing operations. Perhaps Ni-Rod can save you time and 
money in your production lines. You'll also find Ni-Rod great 
for general maintenance and repair work. 

Ni-Rod comes in 3/32”, 1/8”, 5/32” and 3/16” diameters. 
Order a 5-lb. package from your nearest NI-ROD distributor. 
And, be sure to ask for a copy of the Ni-Rod Instruction 
Booklet. *Reg. U.S. Pat. Off. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N. Y. 


NI-ROD IS DISTRIBUTED BY: 


WHITEHEAD METAL PRODUCTS COMPANY, INC. 
WILLIAMS and COMPANY, INC. METAL GOODS CORPORATION 
STEEL SALES CORP. METAL & THERMIT CORPORATION 
PACIFIC METALS COMPANY, LTD. HOLLUP CORPORATION 

J. M. TULL METAL & SUPPLY CO. EAGLE METALS CO. 

HENDRIE & BOLTHOFF M. & S$. CO. ROBERT W. BARTRAM 

ALLOY METAL SALES, LTD. WILKINSON COMPANY, LTD. 
NATIONAL CYLINDER GAS COMPANY 
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by means of lights, bells, buzzers, etc. 
Everyone enjoyed himself and shared in 
the prizes of the evening; a box of cigars 
for the winners and a box of bubble gum 
for the losers. The “Young Squirts” 
defeated the ‘‘Old Timers’’ by a score of 
3071/2 to 280. 

Installation of new officers also took 
place at this meeting. The officers for the 
1947-48 season are as follows: 

Chairman, A. C. Earlbeck, T. A. Canty, 
Inc.; Vice-Chairman, G. E. Claussen 
Reid-Avery Co.; Secretary, G. E. Lin- 
nert, Rustless Iron and Steel Div., Ameri- 
can Rolling Mill Co.; Treasurer, E. A. 
Brown; Program Committee Chairman, 
G. E. Claussen; Membership Committee 
Chairman, M. A. Hansen. 


MICHIANA 


The Michiana Section finished a very 
successful year with a combination meet- 
ing held at the Izaak Walton Club House 
on Judy Creek, Thursday, May 22nd. 
After the regular, annual business meeting 
and election, a short discussion was held 
on magnesium welding, especially as done 
by a recent setup of helium shielded arc 
welding at the Bendix Products Division. 
This was followed by a social period with 
beer and hot dogs. While the elbow bend- 
ing and munching was going on, a bingo 
game was run. Prizes consisting of weld- 
ing equipment, ash trays and Society 
lapel pins were donated by the Mittler 
Supply Co., Perry Welding Sales & Serv- 
ice, Carnegie-Illinois Steel Co. and the 
local Section. 

Officers for the coming year will be as 
follows: 

Chairman, John Grodrian, Bendix; 
Vice-chairman, Peter Perry, Perry Weld- 
ing Sales & Service; Secretary-Treasurer, 
W. G. Fassnacht, Bendix. Executive 
Committee: (1 year) Al Smith; (2 years) 
Erwin Laylin, J. E. Beaudway, M. M. 
Walker. 


MILWAUKEE 


Annual Dinner Dance ‘‘Get-Together”’ 
was held by the Section on May 24th at the 
Plankinton Hotel. 


NEW JERSEY 


The regular monthly dinner meeting of 
this Section was held on May 20th at the 
Essex House, Newark, N. J. ‘“‘Tech- 
niques for the Welding of Cast Iron’’ was 
the subject of the address by T. E. Kihl- 
gren, International Nickel Co., Head of 
Welding Research Section, Bayonne Re- 
search Lab. Mr. Kihlgren’s talk, illus- 
trated with slides, reviewed briefly the 
various methods used for joining cast iron, 
with major emphasis on arc welding with 
nonferrous electrodes. The talk dealt 
with salvage, repair and fabrication weld- 
ing, with typical illustrations of applica- 
tions of arc welding in each of these 
fields. A film, “The Story of Nickel,” 
was also shown. 

The Section has announced that the 
Fall Outing will be held on September 13th 
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at Farcher’s Grove in Union, N. J. There 
will be plenty of food, drinks and games 
with nearby golf links and riding stables. 
Tickets will be available in July. For 
reservations write P. M. Mattern, Sec.- 
Treas., at Wilson Welder & Metals Co., 
60 East 42nd St., New York 17, N. Y. 


NEW YORK 


The New York Section held its Annual 
Smoker on May 16th in the Building 
Trades Club. About 290 members and 
guests were present. Announcement was 
made of the new officers for 1947-48 sea- 
son as follows: 

Chairman, H. R. Morrison, The Linde 
Air Products Co.; Ist Vice-Chairman, 
H. W. Northcutt, Bethlehem Steel Corp.; 
2nd Vice-Chairman, E. H. Woper, The 
Linde Air Products Co.; Secretary- 
Treasury, L. F. Granger, The Linde Air 
Products Co. Members-at-large of Execu- 
tive Committee: G. Schneider, W. L. 
Mitzenius, G. W. Place, J. L. Cahill. 


NORTHERN NEW YORK 


The April meeting of this Section was 
held on April 24th at the American Loco- 
motive Club. The ladies of the Section 
were guests of honor at a dinner at the 
Club prior to the regular meeting which 
the ladies also attended. 

Before the regular meeting several 
movies were shown illustrating the com- 
position and working of symphony or- 
chestras. These movies were very well 
received by both the ladies and the mem- 
bers of the Section. 

The Speaker of the evening was R. B. 
McKeeby, Assistant Mechanical Design 
Engineer of the Motor & Generator Engr, 
Div. of the General Electric Co., who 
spoke on fabrication of waterwheel gen- 
erators. Mr. McKeeby talked for about 
one hour, illustrating his talk with a num- 
ber of slides and tracing the development 
of the construction of waterwheel genera- 
tors from the day when frames and rotors 
were of cast construction to the present 
welded construction which is widely used. 
Lively discussion followed. 


PHILADELPHIA 


The last meeting of the season was held 
on May 19th at the Engineers’ Club. 
“The Weld Stress Problem’ was dis- 
cussed by Professor J. T. Norton of 
Massachusetts Institute of Technology. 

The following officers were elected for 
1947-48: 

Chairman, E. R. McClung, Lukenweld, 
Inc.; Vice-Chairman, Harry J. Irrgang, 
W. K. Mitchell & Co.; Treasurer, W. F. 
Carson, Carson and Carson; Jr. Past 
Chairman, H. B. Seydel, Air Reduction 


Sales Co.; Secretary, K. W. Ostrom, K. 
Wm. Ostrom & Co. Executive Committee: 
H. W. Pierce, A. B. Gordon, R. D. 


Thomas, Jr., A. J. Raymo, G. R. Johnson, 
W. E. Hendricks, A. A. Holzbaur, Walter 
Mehl, S. J. Oechsle. 
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ROCHESTER 


Annual Meeting and election of office 
as follows was held on May Ist: Chair 
man, Harold J. King, The Anstice ( 


Inc.; Vice-Chairman, Edward R. 
Seneca Steel Service, Inc., Secretar 
Treasurer, Walter G. Dick, Odenba 


Shipbuilding Corp. Executive Committe 
W. J. Conly, Paul J. Ecklund, Herber 
Fetter, Fred E. Hall. Gordon L. Kan 
R. J. Raudebaugh, Harry Stoler, Josep 
O’Rorke. 


SAN FRANCISCO 


The following officers were elected fx 
the year 1947-48 at the April 28th mee 
ing: 

Chairman, L. P. Henderson; Ist Vig 
Chairman, Louis Keating; 2nd Vig 
Chairman, Harold E. Rhodes; Secretary 
Richard E. Labagh; Treasurer, E. \ 
Bartz. Executive Committee; Mark 
Haines, Leo Berner, Chas. S. Smith. 

At this meeting Wallace Johnson, Con 
sulting Engineer, spoke on the subject 
“The Chance for Small Business.” 

The Annual May Meeting held on th 
26th was called the Installation of Officer 
and Past Chairmen’s Night. As a sx 
cial feature, the program honored tb 
Past Chairmen, the Charter Member 
and the Old Timers who labored for th 
development of the Section in its earl 
years. 

Ted Nelson spoke on the subject “R: 
cent Developments in Production Stu 
Welding,”’ and a sound motion pictur 
film was shown, entitled, “‘Prevention a 
Control of Distortion in Arc Welding.’ 


YORK-CENTRAL PENNSYLVANIA 


The following officers have been electe 
for the 1947-48 term: 

Chairman, W. B. Hess, Safe Harb 
Water & Power Co.; Vice-Chairman, } 
K. Lee, Alloy Rods Co.; Secretary, W # 
Lackey, Lukens Steel Co.; Treasurer, \ 
W. Allen, A. B. Farquhar Co. Director 
Lou Ames, Robert Anderson, Bat 
Buchanan, I. T. Buffenmyer, Hard 
Ewertz, A. B. Heilman, Cares C. Keyse! 
C. E. Lewis Kerchner, A. T. Light, Gus 4 
Ostrom, Marvin Sedam, John I. Spangle' 
David F. Walters. 


CANADIAN 


The Toronto Chapter held its aniv@ 
business meeting and election ef offices 
on May 5th. After the business o “ 
evening was disposed of, a few films ® 
welding were shown. Chief among ts 
was the story of the pipe line under ™ 
English Channel which supplied ' 
Allies with the oil and gasoline need 

The final meeting of the 1946-4) @ 
son of the Montreal Chapter was held 
May 19th at McGill University. ™ 
nomic Selection of Steels for Welding 
was the subject of the talk by William : 
Theisinger, Manager, Technical Platt 
Sales, Lukens Steel Co., Coatesville, Pa 
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all 
working parts constructed of 
a 20 per cent Lukens Clad 


Steel to resist corrosion from 


Centrifugal drier, with 


alkalies. Manufactured by 
Baker Perkins, Inc., Saginaw. 
Michigan. 


You win both ways—gain protection and 
economy—when machinery and other equip- 
ment are made of Lukens Stainless-Clad Steels. 

Our stainless cladding is as durable as solid 
stainless itself. It provides the same protection 
against corrosion and abrasion. But savings in 
material costs are as much as 50 per cent. 


Any specification you want, Most of our 
customers buy Stainless-Clad Steels with clad- 
ding of 10 or 20 per cent of total plate thickness. 
But other percentages from 5 to 50 are equally 
available. The stainless may be of any standard 
type. It is permanently bonded in a uniform 
thickness to any required quality of carbon or 
low alloy steel. 


KENS 


SOLID METAL ADVANTAGES WITH CLAD-STEEL 


...and wide, for lowest-cost fabrication. 
On many jobs, you can save time and cut fabri- 
cation costs as much as 7 cents per pound of 
plate weight by using a single wide plate 
instead of narrow widths. We make Stainless- 
Clad Steels up to 178” wide, or from ;"" to 
over 3” thick. You can get heads in all styles 
and sizes to over 18’ in diameter. 


Further information on Lukens Stainless- 
Clad Steels is contained in Bulletin 338; on 
Lukens Nickel-Clad, Inconel- 

Clad and Monel-Clad Steels, in Exo 
Bulletin 255. For copies, write 

Lukens Steel Company, 407 
Lukens Building, Coatesville, Pa. 
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List 


BOSTON 


McWhirter, Stanley B. (C), Whitehead 
Metal Prods. Co., Inc., 281 Albany St., 
Cambridge 39, Mass. 


BRIDGEPORT 


Newman, Ernest W. (C), Box 980, Bridge- 
port 1, Conn. 


CHICAGO 


Emery, W. V. (C), A. O. Smith Corp., 
Suite 1752, 310 So. Michigan, Chicago 4, 
Ill. 

Thies, C. E. (C), 11664 So. Wallace St., 
Chicago 23, IIl. 


CINCINNATI 


Anderson, William M. (B), 2008 Dunlap 
St., Cincinnati 14, Ohio. 

Anschutz, J. W. (C), Box 482, Delhi Pike, 
Cincinnati 5, Ohio. 

Sullivan, Howard J. (C), Box 482, Delhi 
Welding Co., Cincinnati, Ohio. 


CLEVELAND 


Saul, Ralph (C), 324 Melrose 
Youngstown 5, Ohio. 


Ave., 


COLORADO 


Rienks, George W., Jr. (B), 275 Jackson 
St., Denver, Colo. 


COLUMBUS 


Casto, David R., Sr. (C), Modern Air- 
craft Welding School, 89 No. Fifth St., 
Columbus, Ohio. 

Fletch, Eddie J. (B), 452 Kimball Pl. 
Columbus, Ohio. 

Green, Robert S. (B), Dept. of Industrial 
Engrg., Ohio State University, Colum- 
bus, Ohio. 

Haigh, Edgar (B), 702 South Hague Ave., 
Columbus 4, Ohio. 

Shelly, Wayne (B), Line Material Co., 
Zanesville, Ohio. 

White, Stanley F. (B), Gohanna, Ohio. 


DAYTON 


Ely, Charles A. (C), Sight Feed Generator 
Co., West Alexandria, Ohio. 

Glander, James E. (B), 74 No. Main St., 
West Alexandria, Ohio. 


DETROIT 


Barrett, J. G. (C), Progressive Welder Co., 
3050 E. Outer Dr., Detroit 12, Mich. 
Harrison, Russell D., Sr. (C), 14841 

Forrer Ave., Detroit 27, Mich. 
Munslow, Daniel A. (C), Progressive 
Welder Co., 3050 E. Outer Dr., Detroit 
12, Mich. 
Wood, L. P. (C), Progressive Welder Co., 
3050 E. Outer Dr., Detroit 12, Mich. 


May 1 to May 31, 1947 


INDIANA 
Berkeley, L. J. (B), Box 611, Danville, Ill. 


KANSAS CITY 


Booy, John (C), 4136 Wabash Ave., Kan- 
sas City 4, Mo. 

Bowling, Vernon James (B), 1713 No. 
27th St., Kansas City 2, Kan. 


LEHIGH VALLEY 


Brandt, David V. (C), Anthracite Bridge 
Co., 300-310 Genet St., Scranton, Pa. 
Lamb, W. C. (C), Commercial Gas Corp., 
286 Carey Ave., Wilkes-Barre, Pa. 

Luxion, W. William (D), Fritz Engineer- 
ing Lab., Lehigh University, Bethlehem, 
Pa. 


LONG BEACH 


Ledger, Fred A. (C), 274 E. Coolidge St., 
Long Beach 5, Calif. 

Marrow, M. G. (C), 3101 Mariquita, Long 
Beach 3, Calif. 


LOS ANGELES 


Middlehurst, Donald J. (C), C. F. Braun 
& Co., 1000 So. Fremont Ave., Alham- 
bra, Calif. 


LOUISVILLE 


Boynton, Fred W. (C), 4173 Blenheim Rd., 
St. Matthews, Ky. 


MARYLAND 


Alt, Allen P. (C), 5323 Park Heights Ave., 
Baltimore 15, Md. 


MICHIANA 


Graves, L. F. (B), Allis-Chalmers Mfg. 
Co., La Porte Wks., La Porte, Ind. 
Higgins, Owen J.(B), Allis-Chalmers Mfg. 

Co., La Porte Wks., La Porte, Ind. 
Jontz, W. R. (B), Jontz Mfg. Co., 1101 E 
McKinley, Mishawaka, Ind. 
Palka, Donald M. (C), 425 Cushing St., 
So. Bend 16, Ind. 
Rybarczyk, T. (B), R. R. 1, 
La Porte, Ind. 


Box 151-D, 


NEW YORK 


Anderson, William B. (B), Titanium Pig- 
ment Corp., 111 Broadway, New York, 
N. Y. 

Caccavo, Anthony (C), Anthony Caccavo, 
Enterprises, 2843 La Salle Ave., Bronx 
61, N. Y. 

Johnson, Charles H. (B), Pittsburgh Test- 
ing Lab., 421 Canal St., New York 13, 
N. Y. 

Massey, Romeo W. (B), 8044 Coxnish 
Ave., Elmhurst, L. I., N. Y. 

Nocar, Joseph (C), Church St., Box 244, 
Bohemia, L. I., N. Y. 
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of New Members 


NORTHERN N. Y. 


Munninger, Karl (D), 190 Milner Ay 
Albany, N. Y. 


NORTHWEST 


Holden, Edwin W. (C), 5353 No. Dupon 
Minneapolis 12, Minn. 


NORTHWESTERN PA. 


Karns, Robert K. (C), General Delivery 
Oil City, Pa. 


OKLAHOMA CITY 


Bates, William Felmer (C), P. O. Box 32 
Britton, Okla. 

Brown, Floyd W. (C), P. O. Box 24 
Britton, Okla. 


PASCAGOULA 
Bryan, John F., Jr. (C), P. O. Box 68 


Pascagoula, Miss. 
McKenzie, Byron E. (C), 601 St. Peter St 
Pascagoula, Miss. 


PHILADELPHIA 
Argentin, Lou Fred (B), Rd. 1, Doyle 


town, Pa. 

Gardiner, Frank J. (C), Special Prod 
Div., Ite, Circuit Breaker Co., 1% 
Hamilton, Philadelphia 30, Pa. 

Horst, William W. (C), Link-Belt © 
21st & Hunting Park Ave., Philadelphi 
40, Pa. 

Jenni, Clyde B. (B), General Steel Cast 
ings Corp., Eddystone, Pa. 

Kelemen, Frank K. (C), K S M Prods 
Inc., 6512 Park Ave., Merchantvill 
N. J. 

Marine, George P. (B), Superior Welding 
Shop, Birch & Walnut Sts., Kenmet 
Square, Pa. 

Schaible, Sr., Frank W. (C), 818 Chestnu! 


St., Lansdale, Pa. 


PUGET SOUND 
Stolz, Niek (B), 12216 Phinne: 
Seattle 33, Wash. 
ST. LOUIS 
Browning Winston H. (C), P. ©) 
‘Godfrey, Ul. 
SAN FRANCISCO 
Atkins, Elmer E. (B), 131 Masons 
San Francisco, Calif. 


Logue, Edwin (B), P. O. Box *» 
Station, San Francisco, Cali! 


SYRACUSE 


Keller, H. C. (C), Lamson Cor 
St., Syracuse, N. Y. 
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Weld 
ELECTRODES 


W-2075 for making machinable welds on cast iron 


This latest addition to the G-E electrode line 
has been developed specifically for making 
machinable welds on cast iron. It is equally suit- 
able for both welded fabrication of cast iron and 
for repair work, and is extremely useful for filling 


“Our continued purchases of G-E W-20 electrode 
over a number of years have been made as a result 
of the tested adaptability and versatility of this 
general purpose rod. Through its use in various phases 
of road machinery fabrication, we have found it 
possible to cover a multitude of welding applications 
without the necessity of stocking a large variety of 
welding rods. 

“In our production of large road building equipment 
there is need for an electrode which is particularly 
adaptable to poor fit-up work and can be used in all 
Positions. We have found the W-20 electrode not only 
answers these requirements, but could be employed 


holes and making repairs on castings. 


Numerous applications are to be found in 
repairing motor blocks, radiators, machined 
parts, and other cast-iron sections requiring 
machining, drilling, or tapping; it is also recom- 
mended for welds where pre-heat cannot be used. 


Weld deposits are smooth, uniform, and well 
bonded to the cast material; they are free from 
internal and surface porosity. The ability of the 
deposited metal to bond readily with the cast 
material, plus the absence of any large volume of 
slag, makes W-2075 usable in all positions with 
either a-c or d-c. 


This cast block has been V'd out, welded with W-2075, and 
then drilled and threaded. Note the excellent bond between 
weld and parent metal and the absence of cracks and 
porosity. 


> VERSATILE W-20 ELECTRODE REDUCES ROD STOCKS 


with either A-C or D-C machines, insuring the utiliza- 
tion of all available welding units on a single produc- 
tion line, if so desired. 

“We sincerely appreciate your cooperation and 
many helpful welding recommendations—in particu- 
lar, those in reference to the application of the versa- 
tile W-20 electrode.” 

Yours very truly, 
W. A, RIDDELL CORPORATION 
(Bucyrus, Ohio) 
By: 
Jacque Jones 
General Manager 
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TIDEWATER 


Woodall, W. N. (C), Boiler Shop, New- 
port News, Shipbldg. & DD. Co., New- 
port News, Va. 


TULSA 


Barnes, Ivan H. (C), Vulcan Steel Tank 
Corp., N. Harvard & Frisco R.R., 
Tulsa, Okla. 

Geppelt, Walter A. (B), P. O. Box 106, 
Tulsa, Okla. 


WASHINGTON 
Sherwin, Charles E. (C), British Ad- 
miralty Delegation, 1910 K. St., Wash- 
ington, D.C. 
WESTERN MICHIGAN 
Manley, J. S. (B), National Cylinder Gas 
Co., 1415 Burlingame, S. W., Grand 
Rapids, Mich. 
WESTERN N. Y. 
Rebuffoni, Martin (C), Westinghouse 


Elec. Corp., Welding Eng. Dept., 
Buffalo Div., Buffalo, N. Y. 


WICHITA 


Henke, Albert H. (C), 122 N. Edwards, 
Wichita, Kan. 

Riley, Harry M. (D), 1915 Fuller, Win- 
field, Kan. 


WORCESTER 


Brouwer, Albert (B), Whitin Machine 
Wks., Whitinsville, Mass. 

Randall, Robert W. (B), Methods Dept., 
Whitin Machine Co., Whitinsville, 
Mass. 

Wagner, Arno (B), Whitin Machine Wks., 
Whitinsville, Mass. 


NOT IN SECTIONS 


Hayter, Ralph Alexander (C), Bedford 
Oakgrove Rd., Bishopstoke, Hants, 
England. 

Jedlicka, Joseph (B), Skodaworks, Tylova 
UL, Plzen, Czechoslovakia, 

Mace, Russell E. (B), 1415 Lincoln St., 
Charleston 2, W. Va. 

Masle, Steve (B), Ing. Masle-La Oxigena, 
335 Boulogne Sur Mer, Buenos Aires, 
Argentina. 


Painter, Jack (B), Tampa Shipbldg. Co 
Inc., Tampa 1, Fla. 

Ramonacho, Manuel Miro (B), Plaza & 
Canovas 4, Madrid, Spain. 


Members 
Reclassified 
During Month of May 


COLUMBUS 


Burthwick, Ross M. (D to B), 1356 Ne 
Ave., Columbus, Ohio. 


DETROIT 


Manzer, Clifford M. (C to B), Progressiy 
Welder Co., 3050 E. Outer Dr., Detroit 
Mich. 


NOT IN SECTION 
Teng, Pi-Yi (D to C), % Dr. F. S. Wang 


Inst. of Botany, 320 Route Ghis 
Shanghai, China. 


ABSTRACTS OF CURRENT WELDING 


2,419,218—-CONSTRUCTION OF METAL 
VESSELS—Newman C. Jannsen, in- 
ventor, Seattle, Wash. (1 Claim) 
This patent relates to a ship construc- 
tion wherein the ship sections are secured 
together by special welded joints. 


2,419,560—ELectropE HoLpDER—Percy 

Jepson, inventor, Oakland, Calif. (9 

Claims) 

The patented electrode holder includes 
a tubular shell which is associated with a 
tubular handle that has a contact mem- 
ber positioned therein. The contact 
member has a front end face which has a 
plurality of frusto-conical surfaces of 
successively decreasing angles of taper 
adapted to engage with an electrode and 
hold same in engagement with any of a 
number of apertures formed in the tubular 
shell so that the electrode can be posi- 
tioned at any one of a plurality of angles 
with relation to the tubular handle. 


2,419,649—WeELper’s Mask—Leo Lieg, 
inventor, Clintonville, Wis. (3 Claims) 


The mask covered: in this patent has 
an auxiliary frontal band associated with 


PATENTS 


Prepared by V. L. Oldham 


Printed copies of patents may be obtained for 25¢ from 
the Commissioner of patents, Washington 25, D. C. 


the inner surface of a pivotally mounted 
face shield. The auxiliary band has 
rearwardly and outwardly extending lever 
members associated therewith that fric- 
tionally bear against the inside of the face 
shield. 


2,419,749—ELECTROPERCUSSIVE WELD- 

ING APPARATUS—Robert A. Weinhardt, 

Detroit, Mich., and Howard J. Bow- 

man, East Troy, Wis., inventors. (9 

Claims) 

The apparatus disclosed in this patent 
includes means for moving work faces 
into engagement with each other, a source 
of welding current and a control for such 
welding current. Additional means are 
provided controlled by the position of the 
work faces immediately prior to their en- 
gagement for effecting a flow of weld cur- 
rent, which latter means correlates the 
time of engagement of the work faces 
with the time at which maximum weld 
current occurs. 


2,419,789-—-ELEcTRODE HOLDER—James 
E. Paulson, inventor, Long Beach, 
Calif. (3 Claims) 


This novel electrode holder has a hand 
which has a jaw portion formed there 
and a second jaw portion is pivotal 
carried by such handle in association wi! 
its jaw. Special means are provided ! 
controlling the pivotally mounted jaw 


2,419,983-—Torcu CuTTING MACHINE 

James L. Anderson, inventor, Closte 

N. J. (12 Claims) 

Anderson’s machine includes a pair @ 
rotary disks which are rotated by posit 
means. A connecting rod is pivotally * 
cured to the disks so that it is moved" 
an arcuate path during rotation of ™ 
disks but is maintained horizontal wh! 
the disks rotate. A horizontal bar * 
associated with the connecting rod am¢* 
torch holder is supported by such a bar 


2,420,619-—HEAD SHIELD FOR WELDERS 
Joseph F. Rakos, inventor, Clevelan 
Ohio. (1 Claim) 
This patent covers in a limited man 
a special type of welder’s head shit 
which has a movable closure for the v5 
opening of the shield. 


\ 
a" 
3 
3 
q 
a 
: 
it 
7 
‘ 
‘Ae 
g 
7 
ay) 
7 


